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ABSTRACT

Large-scale bathymetric maps covering the northern
two-thirds of the Middle Atlantic Continental Shelf
have recently been published. They were compiled at
a scale of 1:125,000 from 39 smooth sheets and are
contoured in I-fm. (1.8 m.) intervals on the shelf and
in 10-fm. (18.3 m.) intervals on the upper slope.

Part 1 of this report discusses the construction and
reliability of these maps. In addition, a short review
of sU,rveys made in the mapped area is given, a few uses

The Middle Atlantic Con.tinental Shelf is one
o~ the world's most studied shelf areas. The 60,000
square nautic.al miles 1 of drowned coastal low­
land making up its surfaoo have long been of in­
terest to In'ariners, commercial fishermen, and
scientists. Numerous nautical chart surveys,
oceanographic studies, and geophysical, geolog­
ic.al, and biologiooJ. investigations have been made
in the'area (Geyer, 1948; Drake, Ewing, and Sut­
ton, 1959; Heezen, Tharp, and Ewing, 1959; Mur­
ray, 1961; Drake, Heirtzler, and Hirshman, 1963;
Stearns, 1963; Uchupi, i963; Livingstone, 1965;
and Emery, 1966b) .

The Middle Atlantic Continental Shelf borders
one of the world's l'argest concentrations of hu­
man activity. Called Megalopolis by Gottmaun
(1961), this region contains almost one-fifth of
!the population of the United States and is a
vast market for marine resources of all kinds.
The shelf supplies Megalopolis with commercial
and sport fisheries, recre8Jtion on the seashores,

1 I use English fathoms and nautical mlles throulthout the
paper because all the data were collected In English rather than
metric units. For ronverslon. 1 tm. equals l.S3 m.. and 1
nautical mile equals 1.85 km.
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for the maps are suggested, and the reliability diagrams
(which appear on each map) are explained.

Part 2 discusses the past geologic history, the general
distribution of sediments, and the major geomorphic
processes at work in the area. In addition, the several
physiographic regions and features on the Middle At­
lantic Shelf are described in terms of their topography
and sediments.

mineral resourees, and space for waste disposaJ.
The need for deta:iled bathymetric. maps in the
study of Continental Shelf geology, geomorphol­
ogy, and mineral resources is well known (Veatcll
and Smith, 1939 ; Emery and Schlee, 1963 ;
Emery, 1966b). Less widely appreciated, but
equally important, are the uses of such maps in
the synthesis and study of physioal and biologi<.'al
data..

The shape of the sea floor can 'influence the
movement of water masses on the. shelf, 'and this
movement can affeet the distribution of such
oceanographic properties as temperature, salin­
it.y, and nutrient elements (Bigelow, 1931; Hach­
ey, Lauzier, and Bailey, 1956; Trites, 1956). Al­
though only a few benthonic animals are known to
respond directly to the shape of the bottom (e.g.,
see Yonge, 1962), all marine animals respond t'O
the dist.ribution of wa.ter-mass properties, which
n·re a,freet.ed by the bottom. Hence, definite cor­
relations exist bet.ween the shape of the bottom
and the locations of marine animals (see Parkel'
and Curl'ay, 1956), and detailed studies of en­
vironmental relations on the shelf require a de­
ta.iled knowledge ofh8Jthymetry.
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Large-scale bathymetrio maps covering the
nort.hern t.wo-thirds of the Middle Atlantic Con­
tinental Shelf (fig. 1) have recently been pub­
lished hy St.earns and Garrison (1967). These
maps are contoured in 1-fm. int.ervals from the
shore to 100 fm. and in 10-fm. intervals from 100
to 500 fm. and are drawn on a Mercator projection
a.t a nominal scale of 1 : 125,000.

The present maps can he used in a vtariety of
ways, such as (1) interpolation 'aids when map­
ping physical data, (2) foundations for the
analysis of relations between physical features and

biological distributions, and (3) sources of infor­
mation for the efficient planning of stratified
sampling programs and surveys.

The purpose of tJlis paper is to describe these
maps, t·heir construction and relia.bility, -and to
discuss t.he geomorphology of the mapped region.

PART 1. BATHYMETRIC MAPS

The proper use of 'bathymetric maps requires
some knowledge of how they were made, as well as
an estilIl'ate of their reliability. These topics are
discussed in tJlis part of the report.

FIGURE I.-Generalized bathymetry of the Middle AtIantie Continerutal Shel!f and locations of major fl!8:tures dis­
cussed in the text. Depth contours iu fathoms. Sources: USCGS Ohart 1000 (13th ed., 1949) amI Stearns amI
Garrison (1967).
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CONSTRUCTION OF THE MAPS

Construction of the maps i.s discussed from
t.hree aspects: (1) history of past surveys, (2)
study of present surveys, and (3) methods of
construction.

Past Bathymetric Surveys

The first systematic bathymetric survey ot the
entire width of the Middle At.1a.ntic Continental
Shelf was made by the U.S. Coast Survey in 1842
(USCGS Hydrographic Survey no. 100, scale
1 : 400,000). Pl:eviously, only some inshore areas

had been systematically surveyed, and charts .of
the offshore regions were based on a few isolllited
soundings. The 1842 survey covered the area be­
tween Rhode Islaml Sound and Oape May and
from near shore to a little over 100 fm. It was
supplemented in 1844 by ·a survey covering much
the same area (no. 101, scale 1: 400,000) and again
in 1859 by 'a survey e."rtending from Martha's
Vineyard to slightly south of C'l,l:>8 Henlopen,
Del. "(no. 670, scale 1 : 400,000) .

No surveys were made during the Civil War,
but in the 1870's and 1880's much sounding was

O'
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done on the Continental Slope and in the adjacent
ocean basins, largely as a result of (1) an increased
interest in the life of abyssal regions, (2) increas­
ing activity in the laying of submarine telegraph
cables, and (3) the development of deep sea wire­
sounding machines (Agassiz, 1888; Tanner, 1897).
From 1877 to 1880 Alexander Agassiz (1888) di­
rected surveys aboard the Coast Survey ship BlaJce
along the Atlantic Continental Slope, but it was
not until 1882 that the shelf itself was again sur­
veyed, this time from Montauk Point, Long Island,
to Cape Henlopen, Del. (no. 1558, scale 1: 300,­
000). This survey was extended south to Cape
Charles in 1886 (no. 1720, scale 1: 200,000) and
to the east as far as Georges Bank du.ring 1887­
1889 (nos. 1782, scale 1: 300,000; and 1837, scale
1 : 400,000) . In all of these early surveys, the
soundings were by lead line and the navigation
was by shore sightings, astronomical fixes, and
dead reckoning.

Except for a few isolated investigations of shoal
areas, the Middle Atlantic Shelf was not again
systematically surveyed until the 1930's, when
new sounding and navigational methods had been
developed. These surveys, from Georges Bank to
Cape Henry and from the shore to the Continental
Slope and Rise, are the principal sources used for
constructing the maps discussed in this paper.

Several earlier bathymetric maps were based on
the surveys of the 1930's. The first and most fa­
mous are the maps of Veatch and Smith (1939)­
see also Smith (1939). These authors compiled a
series of charts of the Continental Slope from
Georges Bank to Chesapeake Bay and of the Hud­
son Channel region of the shelf (scale 1 : 120,000).
Uchupi (1965), in cooperative work by ,the Woods
Hole Oceanographic Institution and the U.S.
Geological Survey, used the surveys to compile a
1: 1,000,000 scale map of the shelf, slope, and rise
from southem Canada to the Straits of Florida.
In addition, the USCGS has used the surveys to
construct nautical charts of the region at scales
of 1: 80,000 and 1: 400,000 (see the 1100 and 1200
series of nautical charts). The surveys have also
been used for small maps, ,published as text. illus­
trations (e.g., Elliott, Myers, and Tressler, 1955:
Garrison and McMaster, 1966).

Present Data Sources

The data from 39 USCGS hydrographic sur­
veys, made behveen 1932 and 1961,-",ere used for

40

making the present maps. (The smooth sheets of
these surveys vary in scale from 1: 20,000 to
1 :120,000.) In addition, 25 published USCGS nau­
tical charts (scales 1: 10,000 to 1: 80,000) were
used for some nearshore areas, bays, sounds, and
harbors. The land c.ontours which a.ppear on some
sheets were compiled from U.S. Geological Sur­
vey and Army Map Service topographic quad­
rangle maps (scales 1: 24,000 and 1: 62,500). The
Long Island contours are from a topographic map
of the Island, scale 1 : 125,000, app~aring in Fuller
(1914).

More bathymetric information exists than was
used in the present compilation. Many miles of
sounding lines have been run on the Middle Atlan­
tic Continental Shelf by the research ships of
various government agencies, private research in­
stitutions, and universities. Many of these data are
equal in quality to those used, but most have not
been reduced and plotted in a form that can be
readily contoured.

The new developments in the surveys of the
1930's were echosounding and radio-acoustic rang­
ing. Echosounding was developed in both the
United States and Europe during the first part
of this century, and by 1923 the USCGS had in­
stalled their first echosounder. This method of
measuring dept.hs was rapidly improved and soon
replaced the older lead line and wire-sounding
machine. Before the 1930's, positions were deter­
mined in much the same manner as they were in
1842 and before. During the early 1920's, offshore
positioning had developed into an elaborate system
of precise dead reckoning, but it was not until the
USCGS introduced radio-acoustic ranging in 1924
that methods of navigation were changed funda­
mentally (Adams, 1942). This new method was
continually improved throughout the surveys of
the 1930's and was replaced by wholly electronic
systems during the 1940's.

Methods of Construction

Bathymetric contour lines were drawn directly
on either (1) full-scale, corrected copies of the
original surveys (smooth sheets), or (2) onnauti­
cal charts of nearshore areas. Louis E. Garrison
contoured the area between about long. 69°25' and
72°00' W. and shallower than about 100 fm. (US
CGS Hydrographic Surveys 6331, 6347, 6440,
6441, and 6447). I contoured the rest of the area.

This' contoured souree material was transferred
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by pantograph to dimensionally stable plastic
compilation sheets at a uniform scale of 1: 125,000
(Mercator projection, scale of 1: 125,000 at lat. 400

N.) ; each sheet covered 10 of latitude and longi­
tude. Transfer was done in stages for each piece
of source material; small quadrangles were trans­
ferred independently to minimize distortion of
scale and paper. Adjustment and matching be­
tween surveys, corrections, and final smoothing
of the isobaths were done on the compilation
sheets. The USCGS made the final map layout
and design.

RELIABILITY OF THE MAPS

Present technology makes it impractical to 0"9­
serve large areas of the sea floor directly; thus,
bathymetric maps are necessarily interpretive
drawings of an invisible surface (for discussions
of this subjective element in bathymetric mapping
see Veatch and Smith, 1939 ; Jones, 1941; and
Shepard, 1943). Such maps are usually made from
discrete soundings, between which assumed depths
must be interpolated before contour lines of con­
stant depth (isobaths) can be drawn. The uncer­
tainty of these assumed depths, plus observational
and positional errors in the original soundings,
makes exact correspondence between a bathymetric
map and the real sea floor an impossibility. The
user of a map, however, should know what accu­
racy to expect.

The following paragraphs of this section discuss
the evaluation of the reliability of the maps, the
reliability diagrams which appear on each map,
and the spatial distribution of the map errors.

A general method for quantitative estimate of
the reliability of isoline maps has been presented
by Stearns (1968). In this general method the
reliability of isolines (expressed as a variance) is
related to (1) observational errol'S, (2) positional
errors, (3) interpolation errors, (4) errors in the
time of an observation, (5) synopticity errors (er­
rors due to lack of simultaneity in the observa­
tions), and (6) the space-time rates-of-change and
the directions of the gradients of the mapped
variable.

In applying the method to the present bathy­
metric maps, I considered all the above factors,
with the exception of time and synopticity errors.
I omitted the time-dependent errors, first, because
little exact information is available on the rates­
of-change of bottom topography, and, second, be-

cause such changes, except in limited areas, are
likely to be very small during the period of useful
life of the maps.

The reliability equations (Stearns, 1968), with
the time-dependent terms omitted, are as follows:

(1)

which expresses the expected bias of the values of
the isobaths at any point on the map or ,,,ithin
any subarea of the map, and

V'3=V'o + V. p(V, p+g;) (VC08 ~p+Cos2'Y1,)

+e.;(V'p[VC08 Y p+Cos2 'Y p]+g;VC08 Y p)

+V,I(V,,+gn (VC08 Yl+COf,2'Y 1) (2)

+e~(V'IWC08 YI+COS2'Y1]+~VC08 Yl)

+ V,,' (V, / + g/2) (VC08 Y/ + COS2 'Y z')

+e/2(V,/[VC08 y/+COS2 y/J+g/2VC',. Y/) .

which expresses the variance of the values of the
isobaths at any point,. or within any suba-rea, on
the map.

These equations may be evaluated for a map as a
whole (in which case a single average reliability
value would be obtained), or for any arbitrarily
selected small port.ion of a map. For the present
maps, the equations were evaluated for each ad­
jacent unit area of 5 geographical minutes to a
side. This unit area was selected as a compromise
between the geographic diversity of the map's reli­
ability and the time available for manual compu­
tation. Over 1,600 unit areas we·re involved in the
evaluation.

Evaluation of the Reliability

The evaluation of the terms in equations 1 and 2
are discussed in this section.

ObsertlQ,tional m'ors (eo).-The echosoundings
made during the surveys of the 1930's and used
as the basis for constructing most areas of the
present maps were evaluated by Veatch and
Smith (1939)-see also Adams (1942). They con­
cluded (p. 60) that the accuracy of these sound­
ings was within 1 part in 100 for areas deeper than
100 fm. and within 1 part in 200 for areas shallower
than 100 fm. To approximate maximum errors on
the shelf proper. I used their larger estimate, 1

BATHYMET.RIe MAPS AND GEOMORPHOLOGY OF MIDDLE ATLANrI'W CONrrINENTAL SHELF 41



These are based on a simple two-point linear
interpolation scheme.

The evaluation of Vez and Vez' depends on the
particular survey pattern used. The quantity
(V,+12) in equation 4 is the mean sum of the
squares of the distances between the soundings.
For a rectangular array of disc.rete soundings
along more or less parallel track lines, as is the
situation for most of the hydrographic surveys
of the Middle Atlantic Continental Shelf, this
quantity equals ~(a2+b2), where a is the distltnee
between track lines and b is the distance between
soundings on each line. By tn.king the mean of five
systematic. samples of the two distances, I esti­
mated the quantities a and b for each 5-minute
unit area.

ments in tracing and printing. This facto'r was cal­
culated by assuming a normal distribution of car­
tographic errors with a 99 percent limit of ±0.1
inch or +0.17 nautical mile at a scale of 1 : 125,000.

For the recent surveys on Nantucket Shoals
(1959-61), during whieh electronic positioning
systems were used, I assumed a 99 percent error
of +0.1)66 nautieal mile (+400 feet) and a norma.1
error distribution; hence Vep=0.0007 nautical
mile. To this was added the cartographic error
variance of 0.0045 nautical mile giving a constant
total error variance of 0.0052 nautical mile for
these surv(}ys.

Intel'polaNon en'm's (e/ and e,').-If we were
concerned with maps showing only the deptlis of
soundings, the total error would be a simple com­
bination of the posit.ional and observational errors
discussed above. Beca.use, however, we are dealing
with isobath ma.ps, interpolation errors must also
be considered. These errors are of two kinds: (1)
those assoeiated with de.pths interpolated along
axes between actual soundings (primary inte11Jola­
tion error, e,) and (2) those associated with depths
interpolated between the primary interpolation
axes (se.condary interpolation error, e,').

The equations for computing these interpolation
errors are (Stea.rns, 1968) :

part in 100, for all depths (0 to 500 fm.) and for all
surveys and nautical charts used in the compilation.

Because of lack of data on bias in the soundings,
I assumed unbiased work; hence, eo was taken to
be zero. The variance of the observational errors
was estimated by assuming that the elTors are
normally distributed and that the value, 1 part
in 100, represents 99 percent of the total distri­
bution (this assumption implies thil,t systematic
and personal errors have been removed from the
data and that any reduction elTors have a ran­
dom distribution). Therefore,

±d/100= ±2.576 -.Iv. ; hence v.; =0.000015d2

• •
where the vl,l.riable d equals the maximum depth,
in fathoms, within each 5-minute unit area.

To account for round-off errors, I adde.d a con­
stant factor to each variance value. This factor was
0.083 fIn. when the soundings were recorded to the
nettrest fathom and 0.0093 fm. when recorded to
the nearest foot. I asslUlled a rect.a.ngulu.r, or uni­
form, distribution of these errors; hence, the vari­
ance equals E2/3 (see Weatherburn, 1961, p. 14),
where E equals one 'haH of the round-oft' interval.

Positional errOl'S (ep ).-Veatch and Smith
(1939) 'discussed the aecuracy of positioning for
the radio-acoustic ranging methods used in the sur­
veys of ·the 1930's (see also Adams, 1942). They
concluded (p. 65) tJlat the accuracy was 1 part in
200 for distances less than 100 nautical miles from
the control (re.ference) points used in a SlU'vey.
To approximate a maximum estimate of positional
errors, I used 1 pali in 100 for all of the slU'veys
(except for a few recent ones ,vhich cover a large
part of Nantucket Shoals) and all the na.utica]
charts.

Again, because of laek of data, I assumed un­
biased ,vork; hence ep was t.aken to be zero. The
variance of the positional errors was determined
in the same way as described above for observlt­
tional errors; hence Vep=O.000015D2, where the
variable D equals the maximum distance innauti­
cal miles between each 5-minute unit area and the
nearest control point (sonobuoy or station vessel)
used in a survey. For nearshore nautical chart"
the distance D was measured to the nearest promi­
nent shore feature.

To each variance. va.1ue I added It constant fac­
tor-0.0045 nautical mile, to acc.ount for such car­
tographic. errors a.s paper distortion a-nd misa.1ign-

V.,= %(V,+l2)

V.,,= %(V"+1'2)

(3)

(4)

(5)
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The quantity (V I·+l'2) in equation 5 is the
mean sum of the squares of the distances between
the primary interpolation axes. Several choices
are possible for secondary interpolation axes
(Steams, 1968). The'correct choices are those axes
actually used by the cartographer in drawing the
map. A human being, however, in his subjective
approach to contouring, is seldom .fully aware of
just what axes he has used. Therefore, in com­
puting the reliability of the present maps, I
assumed that the shortest axes were used, which,
in the rectangular trackline surveys of the Middle
Atlantic .Continental Shelf, equaled the distance
between soundings. These distances are usually
equal within any unit area, so the quantity
(V I ,+Z'2) equals b2•

The topographic slopes.-Positional and inter­
polation errors (which are expressed in distance
units) are converted into depth errors, by multi­
plying them by g Cos 'Y, where g is the positive
topographic slope in the vidnity of the soundings
(or t,he interpolated point) and 'Y is the angle
between the errors and the local slope.

The slopes gp, gil and gl' were assumed ·to be
equal and were estimated from five syst,ematic
samples taken in each 5-minute unit area. Each
sample consisted of the maximum slope measured
in a circle 1 nautical mile in diameter. The mean
slope, g, was taken as the mean of the five samples,
and the variance of the slopes, VI/, was approxi­
mated by (0.43 CAl) 2, where CAl was the range of the
five samples. This estimate of the variance assumed
that the slopes have a normal distribution within
each 5-minute unit area and was used as a com­
putational expedient (see Dixon and Massey,
1957, pp. 273, 404).

The cosines.-In estimating the cosines in
equations 1 and 2, I assumed that all angles had
an equal probability of OCCUlTence; thus 'Yu, 'Yll

and "'II' range from zero to 7r radians (from 0° to
180°), and the probability functions of the angles
eqtlal 1/7r. Hence,

- Ii"COS'Y=- Oos'Y<h=O
7r 0

and

Ii"· .VcoS'Y=- COS·'Yd'Y= %
7r 0

This assumption may be true for positional errors,
because I assumed that these errors are unbiased.
It. is not strictly true, however, for interpolation

errors, and a more accurate, although more time­
consuming method could have been used; i.e., the
final map could have been matched with the inter­
polation networks actually used and the angles
measured.
The Source Diagram

The source diagram on each map shows the
number, scale, and date of the USCGS hydro­
graphic surveys and nautical charts used in the
construction of the maps.

The maps depict the sea floor at the dates of the
various surveys, and the user must draw his own
conclusions as to changes that may have taken
place since then. Significant changes are likely
only nlong some port-ions of the const above about
10 fm., in offshore shoal areas, and along the
upper Continental Slope where slumping may
have occurred (se.e Lucke, 1934a, 1934b; Howard,
1939; Heezen, 1963; Miller and Zeigler, 1964;
Stewart and Jordan, 1964; Uchupi, 1967). In
such areas the maps and their reliability diagrams
should be used with caution.

Those who wish to study the actual soundings
may examine or purchase copies of the original
hydrographic survey sheets from ·the USCGS,
Washington, D.C.
Diagram of the Mean Distance Between Track Lines

The mean distance between track lines is a
comlllon device for indicating the reliability of
bathymetric maps. Re.Iiability is usually assullled
to be better where the lines are closely spaced.
Trackline spacing also indicates the resolution of
a survey; i.e., the minimum size of features con­
sistently discoverable from the survey. Surveys
with many different trackline spacings were used
in drawing the maps. Consequently, the isobaths
are more. detailed in some areas than in others.
Diagram of the Standard Deviation
of the Isobath Depth Error

The standard deviations in the isobath depth
error diagram are estimates of how much and how
frequently the depths indicated on the maps may
depart from the true depths. The diagram is based
on the square root of t.he variance given by equa­
tion 2 and shows t.he avera.ge standard deviation
in unit areas of 5 geographical minutes to a side.
It applies to depths as indicated on the maps, not
to the original soundings. A more detailed dia­
gram of the entire mapped area is reproduced in
figure 2.
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FIGURE 2.-Standard. deviation of the isob8Jth depth e-rror. (1) Less tban 0.25 fro. (2) 0.25-0.49 fm. (3) 0.50-0.99 fro.
(4) 1.00-1.99 fIn. (5) 2.00-3.99 fro. (.6) 4.00-7.99 fm. (7) 8.00-15.99 fm. (8) 16.00-31.99 fro. (9) 32.0()....63.99 fro.
(10) 64.00-127.99 fIn. (11) 128.00 fIn. and more-.

The figures in the diagram may be used to est.i­
mate the expected correspondence between the
mapped depths and the true deptlis. This expected
correspondence is expressed as a probability that
the true depth falls between certain limits. For
example, if we assume a normal distribution of
depth errors in an area where the standard devia­
tion of the depth error is 1 fm., then the probabil­
ity is 99 percent that the indicated depth is correct
to within +2.6 fm., 90 percent that the depth is
correct to within +1.6 fm., or 50 pe.rcent that the
depth is correct to within +0.7 fm. The depth of
any isobath as shown on the maps should be

44

thought of as representing a' probable range of
depths rather than as a single exact depth.

The above limits were computed by the formula
I

r=ZIO", where 7' is the expected range of depths,
0" is the standard deviation taken from the depth
error diagram (fig. 2), and Zt is a number that
depends upon the probability i and upon the kind
of error distribution (see Dixon and Massey, 1957,
or other statistics textbooks).

The above formula gives the expec.ted range
due only to errors in the map. To find the expected
range when the maps are being used aboard a ship
to search for a given bathymetric. feature, the
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standard deviation would have to include the
ship's errors; i.e., 11=..Jl1m

2+11,2, where 11m is the
map standard deviation taken from the depth error
diagram, and 11. is the ship standard deviation.
The ship standard deviation may be estimated as
the square root of the first three terms on the
right-hand side of equation 2.
Diagram of the Standard Deviation of the Isobath
Position Error

The l;!tandard deviations in the isobath position
error diagram are estimates of how much and how
frequently the positions of the depths as indicated
on the maps may depart from the true positions.

This diagram is also based on the square root of
equation 2; it shows the average standard devia­
tion in 5-minute unit areas and applies only to
indicated depths-not to the original soundings.
The values in the diagram were computed by
dividing the standard deviations of the isobath
depth error (fig. 2) by .JVII+?l, where gis the mean
topographic slope of the sea floor in a given 5­
minute unit area, and Vg is the variance of the
topographic slope within the same 5-minute unit
area. A more detailed diagram of the entire
mapped area is reproduced in figure 3.

The figures ill this diagram may be used to esti-
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mate the expected correspondence between the
mapped positions of the depths and their true posi­
tions. This expected correspondence is expressed
as a probability that the true position falls be­
tween certain limits. For example, if we assume a .
normal distribution of position errors in an area
where the standard deviation of the position error
is 0.2 nautical mile then the probability is 99 per­
cent that a given depth will be found within ±O.5
nautical mile of its indicated position (i.e., will be
found within a circle 1.0 nautical mile in diameter
centered on the given depth), 90 percent that it
will be found within +0.3 nautical mile of its

indicated position, or 50 percent that it will be
found within -+-0.1 nautical mile of its indicated
position. The position of any isobath as shown
on the maps should be thought of as the center of
a probable range of positions rather than as a
single exact position.

The above limits were computed by the same
formula as was the probable range of depths, ex­
cept that here l' is the expected range of positions,
and 0' is the standard deviation taken from the
position error diagram (fig. 3).

This computation also applies only to map
elTors. To find the expected range when the

FIGURE a.-Standard deviation ot the isobath position error. (1-) 0.05--0.09 nautical mile. (2) 0.10-0.14 nautica·l mile.
(3) 0.15-0.19 nautical mile. (4) 0.20-0.24 nllutieal mile. (5) 0;25-0.29 nantical mile. (6) 0.30-0.39 nautical mile.
(7) 0.40--0.49 nautieal mile. (8) 0.50-0.50 nautical mile. (9) 0.60--0.69 nautical mile. (10) 0.70--0.70 nautical mile.
(11) 0.80-0.89' nau.tical mile.

46 U.S. FISH AND WILDLIFE SERVICE



maps are being used aboard a ship, 0" must be
equated to .JO"m2+0"82, where O"m is taken from the
position error diagram, and 0"8 is computed by
dividing the first three terms on th"e right-hand
side pf equation 2 by Vg+g2, for the area in which
the ship is working, and then taking the square
root of the quotient.
Distribution of the Map Errors

The standard deviations" of the isobath depth
error (fig." 2) generally increase in an offshore
direction. Most of this increase is due to the steeper
topographic slope on the outer shelf and upper
slope which makes interpolation of depths between

soundings less certain in these regions. A part of
the increase is also due to a wider spacing between
tracklines offshore.

Most of the large inshore standard deviations
ll.re also caused by locally steep topographic
slopes (e.g., the Hudson Channel, Long Island
Sound, Delaware Bay, and Nantuoket Shoals);
however, the large deviations east of Cape Cod
are due both to wide,trackline spacing and to steep
slopes.

Figure 4: sho\vs the percentage of the total vari­
ance of the depth error which can be attributed to
observational, positional, and interpolation errors.
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FIGURE 4.-Percentage of the variance of the isobath depth
error that can be attributed to observational errors
(OBS) I positional errors (POS) I and interpolation
errors (INT).

The figure is ·based on the variance in 100 repre­
sentative 5-minute unit areas. In most of these unit
areas more than half of the total varianee results
from uncerta.inty in interpolations of assumed
depths between the original soundings.

Interpolation errors are very sensitive to topo­
graphic slope and spacing between soundings. To
achieve the sa.me reliability of isobl\th depths, t.he
spacing of soundings must be mueh closer in areas
of .steep slopes than in areas of gentle slopes. For
many surveys, not only of bathymetry but of other
variables as well, the observations are so widely
spaced (usually for reasons of economy) that ordi­
nary positional and observational errors have lit.tle
effect on the reliability of the final isolines.

Figure 5 shows the relation of the standard
deviation of the isobath depth error to the mean
topographic slope in a few selected unit areas. The
dispersion of t.he points results largely from varia­
tions in the spacing between tracklines.

The standard deviations of the isobath position
error (fig. 3) also increase offshore, mostly bec,ause
of wider spa.cing between tracklines. Figure 6
shows the relation of these standard deviations t.o
the mean spacing between traeklines. The disper­
sion of the points is due mainly to variations in the
observational a.nd positional errors of the. original
soundings.
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PART 2. GEOMORPHOLOGY

A description of the configuration of -the Middle
Atlantic Continental Shelf, along with a general
discussion of its evolution, of the processes involved
in its formation, and of its'sediments, is presented
in this part of the report.

GENERAL CONSIDERATIONS

The general appearance, geological history, sedi­
ment distribution, and geomorphic processes of the
Middle Atlantic Shelf are discussed in this section.

General Appearance and Past Geologic History

The present continental border of eastern North
America can be divided into five geomorphic zones
which roughly pa.rallel the present shoreline (fig.
7) : (1) a hilly- to mountainous system of parallel
valleys a.nd ridges (the Newer, or Folded, Appa­
lachi:Hl Mountains), (2) 1\ flat to hilly upland l'e·
giou (the Older Appalachian Mountains), (3)
a coastal lowland, in places submerged below pres­
ent sea-level (the Atlantic Coastal Plain and Con­
tinental Shelf), (4) It submerged slope about 1,500
:fm. high (the Continental Slope), and (5) a, very
gently sloping surfaee merging seaward with the
deep ocean floor (the Continental Rise) . For a dis­
cussion of these geomorphic divisions see Fenne­
man (W38), Heezan et a1. (1959), and Hammond
(1964) .

Before the Cretaceous Periocl (some 136 million
years ago) a succession of evolving 'highlands oe­
cupied the present sites of the Older Appalachians
and the Coast.al Plain. According to Diet.z and
Holden (1966), these highlands were formed when
material uplifted from an ancient Continental
Slope and Rise and from the adjacent deep-sea
floor was added to a t.hen smaller continent. This
process of accretion is supposed to have started in
the late Ordovician Period (about 445 million
years ago) and to have continued until the end of
the Pe.rmilm Period (about 225 million years ago),
eventually adding some 150 to 400 or more miles
to the continent. (Dates are from Kulp, 1961, and
Harland, Smith, and Wilcoek, 1964.) The eroded
remnants of these old highlands now underlie
Cretueeous ltud younger sediments on the present
Coastal Plain; t.hey outcrop in a belt of greatly
deformed amI altered rO('.ks throughout t.he Older
Appalachian Mount.ains.

The region west of the Older ApPllJachians was
occupied in pre-Ordovieian times by an ancient.
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FIGURE 5.-Variation of the standard deviation of the isobath depth error with respect to
the mean topographic slope.
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FIGURE 6.-Variartion of the standard deviation of the
isobath position error with respect to the mean distance
between tracklines.

I I

-
coastal plain and continental shelf. This plain be­
came an epicontinental inland sea in post-Ordo­
vician times, and its bottom was progressively
folded until the Appalachian Revolution of middle
and late Permian times finally forced it and its
sediments into the present Folded Appalachian
MOlmtains. The above sequence of events is only
one recent inference from available evidence; for
other interpretations of the geologic history of the
region see Schuchert (1923), Kay (1951), Drake
et al. (1959), Wilson (1966), and Harland (1967) ;
see also the criticism by Hsu (1965) of earlier ideas
of Dietz (1963a) and the reply by Dietz (1965).

. .

FIGURE 7.-Physiographic regions of the Middle Atlantic Coast. (1) Appalachian Plateaus and Interior Lowlands.
(2) Fo'lded Appalachian Moullitains. (3) Older Appalachian Mountains, including (3A) Blue Ridge Mountains,
(3B) New England-Acadian Mountains, (3C) Piedmont-New England Hills, (3D) piedmont Plain, and (3E) New
Engl1and Plain. (4) Elmergecl and Submerged Coastal Plain, including (4A) Elmergecl Coastal Plain, (4B) Sub­
merged Coastal Plain or Continental Shelif, and (4C) Gulf of Maine Basin. (5) Continental Slope. (6) Continenta'[
Rise. Boundaries a,re approximate. Sources: F~l1lleIJnan (19)38) ; Heezen et al. (1959) ; and Hammond (1964). The
heavy solid line is ,the bO'lmdary of the mapped area.
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Since the Cretaceous Period, the eroded roots of
the old coastal highlands have experienced suc­
cessive invasions of the sea, and a large wedge of
sediment has been deposited on their surfaces.
The most recent submergence was between about
4,000 and 20,000 years ago. (For discussions of
terrestrial conditions on the shelf in the recent
past see Emery, 1966a; Emery, 'Wigley, and Rubin,
1966; and "\iVigley, 1966). The presently submerged
surface of this sedimentary wedge is the Conti­
nental Shelf of e·astern North America..

General Sediment Distribution

The surface of the Middle Atlantic Continental
Shelf is covered only in part by contemporary
sediments. These are mainly in a narrow near­
shore zone (Emery, 1961; Uchupi, 1963). The
largest part of the shelf is cove.reel by relict de­
posits formed during lower stands of sea level in
the Ice Age.

Relict shelf features and sediments were recog­
nized -as early as 1850 by Austen who suggested
that the English Channel was once a subaerial
river valley. Dana (1863) extended Austen's idea
to the Middle Atlantic Continentitl Shelf by his
discovery on an 1852 Coast Survey chart. of both
the Hudson and Block submarine channels which,
he concluded, were onee occupied by the Hudson
and Connectidut Rivers. Taylor (187g) later sug­
gested that evidence of dry land, rivers, and shore­
line features should be found within the 100-fm.
line, and during the same period Louis Agassiz
taught his Harvard classes that the offshore fish­
ing banks consisted superficially of glacial drift·
(Upham, 1894). Most reeent authors aceept the
idea of relict deposits, although emphasis shifted
somewhat after Gulliver (1899) and Jolmson
(1919) -introduced the coneept of an inner shelf
which had been cut by waves and an outer shelf
which had been built up by wave deposition (for
a discussion of this coileept see Dietz, 1963b, 1964;
and Moore and CUI'ray, 1964).

The Middle Atlantic Shelf is covered by modi­
fied glaeial outwash and nioraines, river channel
and flood ·plain deposits, ancient deltas, offshore
bars, and old eoastal beach-lagoon complexes
(Uchupi, 1968). Some smaller areas may eontain
materials formed in pla.ce by submarine chemical
proeesses (Uchupi, 1963; Emery, 1966b). Super­
imposed on these primary sediments are patches
of both contemporary and ancient shell debris

(Merrill, Emery, and Rubin, 1965; Emery, Mer­
rill, and Trumbull, 1965).

The subsurface sediments of the Shelf and
Coastal Pla.in consist of layer after layer of much
the same type of deposit that beeurs today on their
surfaee (with additions of other types such as
peat and limestone). These sediments have been
aeeumulating at least since t.he Cretaceous Period
and now form a thick prism which ranges from
a few feet at the landward border of the Coastal
Plain to over 15,000 feet (4.6 km.) thick at the
edge of the shelf. An even greater thickness has
aceumula.ted at the foot of the Continental Slope,
and some g5,000 feet (7.6 km.) of sediments now
lie under the Continental Rise (for a discussion of
this deeper structure see Dietz, 1952; Drake et al.,
1959; Heezen et al., 1959; Murray, 1961; Emery,
1966b; Krause, 1966; Hoskins, 1967; and Uchupi
and Emery, 1967).

GeomorphiC Processes

The nearshore breaking of waves is the most
important cause of erosion on the landward edge
of the shelf, but is apparently effective only a.bove
about 5 to 10 fm. (Dietz, 1963b; see also the dis­
cussion by Moore and CUI'ray, 1964 and the answer
by Dietz, 1964). Some eontroversy exists, however,
concerning the ability of eontemporary proeesses
to alter significantly the relict terrains and sedi­
ments seaward of the surf-zone.. Several authors
have thought that present waves and currents can
scour the shelf intensely to great depths (Dana,
1890; Gulliver, 1899; Jolmson, 1919; Alexander,
1934; and Jones, 1941). Other workers have sug­
gested that the present shelf surface is drowned
and entirely out of adjustment with present eondi­
.Hons (Lindenkohl, 1891; Dietz, 1963b, 1964). Still
others have belie.ved that a thin surfaee layer
(6-24 inches, or 15'-60 cm.) is in adjustment with
contemporary sea level (Donahue, Allen, and
Heezen, 1966), or that fine sediments are being
either moved aeross the shelf or deposited in cer­
tain restrieted areas (Shaler, 1881; Shepard and
Cohee, 1936; Stetson, 1938b; and Emery, 1966b).
Uehupi (1968) suggested that some linear sand
bodies on the inner shelf may have been formed
by large modern storm waves. It is also possible
that with a long-continued stand of the sea at its
present level, the shoreline would build out over
a large portion of the inner shelf (Curray, 1964;
Emery, 1966b) or that existing bottom sediments
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and relict land forms would eventually become
completely adjusted to "present sea level (Stetson,
1938b, 1939; Moore and eUl'ray, 1964).

A dist.inct.ion must be made between gross land
forms and surficial sediments. All of t.he relict sur­
face sediments above the late Wisconsin low stand
of the sea (about 65 or 70 fm.) have been modi­
fied during the last 20,000 years or so by the ac­
tive surf-zone, as this zone migrated shoreward
across the shelf with the latest postglacial (or
Holocene) rise of sea level. Thus, the surface sedi­
ment layer is a direct product of the Holocene

"marine transgression. Large terrain features, how­
ever, are not likely to have been obliterated by the
Holocene rise; hence, much of the present gross
morphology on the shelf is probably related to
pre-Holocene events.

Between the nearshore surf-zone and the land
a complex of barrier beaches, lagoons, and coastal
marshes has developed along most of the Middle
Atlantic Coast. This complex traps much of the
sediment load now brought to the ocean by rivers
and other runoff. A large volume of recent sedi­
ment is also deposited in bays or sounds, and the
small amou.nt of suspended fine material that
escapes is often removed from the shelf by cur­
rents or deposited in such depressions as the Hud­
son and Block Ohanne1s (Stetson, 1955; Curray,
1964).

As changes have occurred in sea level, the shore­
line (along with a complex of barrier beaches,
lagoons, coastal marshes, and estuaries) has mi­
grated scores of miles back and forth across what.
is now the shelf and the emerged coastal plain
(Emery, 1967). As early as 1881 Shaler suggested
that the net effect of this repeated migration,
combined with a slow subsidence of the conti­
nentalmargin, has been the deposition of the series
of layers that now form the thick sedimentary
wedge of the Continental Shelf.

REGIONAL PHYSIOGRAPHY

The physiographic regions and features on the
Middle Atlantic Shelf are described in terms of
their itopography and sediments in the following
paragraphs. The major regions and features dis­
cussed are (1 ) neai-shore terrains, (2) terrains
southwest of the Hudson Channel, (3) the Hudson
Channel,(4) terrains nOl'theast and east of the
Hudson Cha.nnel, and (5) terraces and ancient
shore features on both the inner and outer shelf.
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The bathymetric maps of Stearns and Garrison
(1967) serve as illustrations for this section a.nd
should be available; features mentioned in the text
are keyed to t.hese maps by chart lllunber. The loca­
tions of some of the larger features 'll,re also shown
in figure 1.

Nearshore Terrains

Nearshore terrains are easily accessible and have
been much studied (see, for example, Shaler, 1893,
1895-; Johnson, 1919, 1925; Shepard, 1948; and
Guilcher, 1958). In the mapped area they may be
divided into three types.

The surf-2one.-Parallel to the shoreline is a
relative1y smooth concave slope, in some places
interrupt.ed by one or more offshore bars, extend­
ing from the beach to a depth of 5 or 10 fm. The
width of t,he surf-zone rarely exceeds 2 nautical
miles (its average width is aibout one-half mile)
and it appears to be deepest off New Jersey and
eastern Long Island. The sediments of the surf­
zone are mostly clean, coarse to fine sand, with a
few patches of gravel and rock Some black mud
that lies bet.ween 4 and 11 fm. off New Jersey and
Long Island may indicate places where the surf­
zone has exposed old coastal marsh deposits
such as underlie the present. bn.rrier beaches (see
Fischer, 1961). "

The ba:n'le?' beaah-lagoo?~ aO'1nplea!.~Shoreward

of and parallel to the surf-zone, throughout most
of the mapped area, w'e extensive linear barrier
beac.hes forming t.he seaward margin of shallow
bays, lagoons, ltnd coast.al marshes. This terrain
is especially well developed along the whole of the
Maryland, DelaW'll,l'e., New Jersey, and southern
Long Island Coasts. The width of t.he lagoon­
coastal marsh terrain usually varies from 1 to 6
nautical miles. Except. for t.idal channels, the depth
of lagoons seldom exceeds 2 fm. and is generally
less than 1 fm. The marshes are at selL level, be-"
tween the high- and low-tide marks; and sediments
t:here are mud and organic plant debris. Tidal­
deLta sands are around inlets. Barrier beaches are
clean sand o£ten formed int.o sand dunes hy the
wind (see Lucke, 1934a, 1934b; 'll,nd Fischer, 1961).

Glacial 1noraines.-Running across the north­
ern part of t.he mapped area is a zone of low hills
sepa.rated from the southern New England shore
by a series of bays and sowlds. This region of old
glacial moraines forms munerous submerged f8..'\­
tures us well as t.he backbones of Long Island,
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Block Island, and the islands south of Massachu­
setts (Sella-fer and Hartshorn, 1965). Long Island
has two moraines: the Harbor Hill Moraine ex­
tends along the north shore to Orient Point and
then across Long Island Sound through Plum,
Great Gull, and Fishers Islands to Watch Hill
Point in Rhode Island and along the shore (where
it is called the Chltrlestown Moraine) to Point
.Judith; the Ronkonkoma Moraine. runs through
central Long Island to Montauk Point. These ,two
moraines are considered to have formed during the
last advance of the la.te 'Wisconsin ice-sheet some
20,000 years ago (Flint, 1957; and DOlmer, 1964).
They merge to the west, south of Hempstead Har­
bor, and continue across Brooklyn to Sta.ten Island
and New Jersey.

Where the Harbor Hill Moraine crosses Long
Island Sound there is a ridge of coarse rocky sedi­
ments (chart 0808N-53 of Stearns and Garrison,
1967). Between the high points on this ridge are
elongated depressions and channels, some as deep
as 55 fm., containing finer sediments. Some of
these depressions may be kettles formed by the
melting of buried blocks of ice (Elliott et al,
1955), or they may have been cut by either ice­
scour or subglacial drainage streams (Dltna, 1870,
1875, 1883, 1890; Loring and Nota, 1966, suggested
this origin for similltr features in the Gulf of St.
Lawrence). These pre-Holocene depressions would
have become fresh-water lakes shortly after being
uncovered by the melting ice-sheet (Antevs, 1922,
1928; Lougee, 1953) ; evidence for these lakes, in
the form of fresh-water clay concretions, has been
found in one depression south of Fishers Island
(Frankel and Thomas, 1966). Some other depres­
sions may have been formed or at least modified,
by river erosion, during the period which followed
the retreat of the ice-sheet. All the depressions
probably have been scoured by tidal currents which
became effective in t.his area when the sea had
risen to 10 to 15 fm. below present sea level

The Ronkonkoma Moraine extends beyond Long
Island, from Montauk Point. to Block Island, and
its crossing is mltrked by a broad ridge of COarse
rocky and bouldery sediments (charts 0808N-51
and -53). Near its center this band is breached by
a channel, which contains several 25- and 30-fm.
holes. This breach probably represents one of the
ancient channels for the rivers of Connecticut and

western Rhode Island. It was later eroded by tidal
currents when sea level rose to within 10 or 15 fm.
of its present level.

East of Point Judith, R.I., the Harbor Hill (or
Charlestown) Moraine appears to bend south­
ward around Narl"agansett. Bay and to join with
the Buzzards Bay Moraine of western Cape Cod
by way of Browns Ledge and the Elizabeth Is­
lands (chart 0808N-51). This bend is marked by
a submerged ridge of coa·rse gravelly sediments.
East of Block Island the Ronkonkoma Moraine
also appeaI~ to bend to the south and to join with
moraines on the north shores of Martha's Vine­
yard and Nantucket Island by way of Nomans
Land, the Southwest Shoal, and Cox Ledge. The
bottom in this area is marked by a broad rocky
and gravelly ridge (Schafer, 1961; and Kaye~

1964).
Between Block Island and Martha's Vineyard

this ridge is breached by a channel with depths as
great as 35 fm. The sea bottom between the two
moraines in this area contains an east-west chan­
nel with depths that approach 30 fm. to the north of
Block Island. This east-west channel continues
westward through Block Island Sound and east­
ward as far as the entrance to Vineyard Sound.
This channel probably represents an early Holo­
cene drainage system for much of southern New
England. Presumably, late Holocene drainage
from Connecticut broke through the moraine east
of Montauk Point, while Rhode Island and Mas­
sachusetts drainage continued down the channel
east of Block Island. It appears that both these
systems entered the Block Channel across the shelf.
The channels have been modified by tidal scour and
tidal delta deposition which would have started
when the sea rose to about 25 fm. below present
sea level.

The moraines on Martha's Vineyard, Nantucket
Island, and Cape Cod cannot be traced to the east
with certainty (see chart 0708N-51). They prob­
ably merge with the lateral moraine of an ice­
sheet lobe that onCe extended southward through
the Great South Channel (see Zeigler, Tuttle,
Tasha, and Giese., 1964). Between Martha's Vine­
yard and Nantucket IsL'mel is a double tidal delta
which appears to have been built in an old tribu­
tary of the Block Channel t:hat once ran between
the Islands.
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Terrains Southwest of the Hudson Channel

Off the coasts of New Jersey, Delaware, and
Ma.ryland, the bottom above about 50 fm. consists
of alternate ridges and longitudinal depressions,
which generally run northeast-southwest and are
interspaced by flat areas, escarpments, embay­
ments, and former channels. The sediments on
this part of the shelf are predominantly sands
with some coarser material. Muds are infrequent
above about 50 fm. and are not dominant shal­
lo,ver than the shelf break.

The terrains in this area are similar to present.
nearshore and modified subaerial alluvial terrains;
this similarity is not surprising because the. surf­
zone, the complex of lagoons and coastal marshes,
and the subaerial river regimes must have repea.t.­
edly migrated back and forth across the shelf.
Flint (1940) noted that north of the James River
the Pleistocene formations on the emerged coastal
plain are typical of compound alluvial deposits.
It seems that this is also true of the submerged
shelf, with the addition of numerous transgressive
marine features (see also MacClintoek, 1043, and
Schlee, 1964).

Dela/ware Hiver channels.-From the mouth of
Delaware Bay a channel may be traced south­

.eastward about 40 nautical miles (Lindenkohl,
1891; charts 0807N-56 and -57). Below 20 fIn.
this channel is lost in a series of what appear to be
old lagoons and barrier beaches which continue
down to about 40 fm. To the northeast the chan­
nel is bounded by a scarp as much as 15 fm. high.
A well-defined ridge backing this scarp can be.
traced 30 nautical miles southeastward from Cape
May, and its remnants extend for another 30 or 40
nautical miles.

Northeast of this ridge is a shallow embayment
that has a diffuse channel below 5 to 7 fm. (charts
0807N-55 and -56). Deeper than 20 fm. this
embayment flattens out tlnd merges with what
appears to be a series of lagoons and barrier
beaches. Possibly this bay represents an older Dela­
ware River estuary which might be correlated
with a post-Sangamon channel in the Cape May
Formation on the Cape May Peninsula (Rieh­
ards, 1962).

Great Egg Ha.rbm' Rll'eI' cha"l/nel.-Running
southeast from near Great Egg Harbor Inlet is
a smooth embayment that extends to a depth of
12 or 14 fm., where a bar has been built across its
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mouth (chart 0807N-55). Beyond this bar the bay
narrows and a shallow channel continues south­
southeastward. Between 18 and 22 fIn. a ridge,
about 20 nautical miles long, appears to have been
a large barrier beach. It encloses what was prob­
ably a former lagoon, now as much as 2 or 3 fm.
deeper than the surrounding bottom. Below this
feature, the channel is lost in a deeper series of
what seem to be lagoons and barrier beaches. The
northeast boundary of tlw embayment off Great
Egg Harbor Inlet is a low ridge extending SOUtll­

easterly f.rom Brigantine Shoal; it appears to he
composed of a series of submerged sand spits and
barrier beaches.

The old and new Delawttre embayments and the
Great Egg Harbor embayment are each well
defined between about 10 and 20 fm. Below about
20 fm., however, the new Delaware embayment is
lost, and the old Delaware and Great Egg Harbor
embayments are combined, first into a large shal­
low depression (about 35 nautical miles long)
between 24 and 27 fm. and then into a single open
embayment between 27 and 29 fIn. (charts 0807N­
55 and -56). Below about 28 fm., this open embay­
ment narrows into a slender channel which con­
tinues southward to about 35 fm., where it is lost
ill what may be It complex of former lagoons.

The Shelf '1wrtheast of Brigan.tine Shoal.­
Northeast of Brigantine Shoal the shelf is domi­
nated by several large northeastward trending
'embayments, and by two north-south trending
channels, which are associated with a submerged
alluvial gravel deposit (Schlee, 1964; charts
0807N-54 and -55). One of the north-south trend­
ing channels heads offshore near lat. 39°45' N. and
may be traced southward for about 30 nautical
miles, roughly along long. 73°50' W.

West of this channel is a very smooth and flat
plain, whose shallow limit is defined by the 10- or
ll-fm. isobath. On the east it is bounded by a low
searp and backed by a north-south ridge with a
minimum depth of less than 9 fm. This ridge is
distinet for at least 35 nautical miles along the
bottom, and remnants of it extend even farther
both north and south.

East of" this ridge is the second of the north­
south channels mentioned above. It originates near
lat. 39°50' N. and runs southward for about 30
nautical miles between long. 73°28' and 73°33' W.
This channel is defined by the 19- to 21-fm. iso-
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baths and is extensively' barred throughout. its
length at those depths.

W'est of t.his second channel is another plain,
somewhat dissected by northeasterly trending de­
pressions; to the east is a broad flat-topped ridge
wit.h minimum depths of between 17 and 18 fm.
Most of the channels on the east side of this ridge
trend northea.stward t.oward the Hudson Channel.
North of lat.. 39°50' N., aU of the old shel£ chan­
nels run eastward or northeastward toward t.he
Hudson Channel.

The gravel deposits near these north-south chan­
nels seem to have added abOlit 5 fm. to the shel£
surface off the c.oast of northern New Jersey. When
compared to the surface south of Long Island this
buildup is shown by a greater offshore extent of
the 20- to 30-fm. isobaths (compare charts 0807N­
54 and 0808N-54 and -55). According to Schlee
(1964), t.hese deposits are at least 10,000 years old
and were probably deposited by the ancestral Hud­
son River.

The northernmost and largest of the northeast­
ward trending embayments runs roughly along a
line between lat. 39°05' N., long. 74°04' 'W. and
lat. 39°24' N., long. 73°20' ",V. (chart 0807N-55).
It. is well defined between about 20 and 25 fm. 'and
occurs immediately below t.he submerged gra.vel
deposit described by Schlee (1964). It can be traced
for some 50 nautical miles across t.he shelf and ap­
parently connects with the 37- to 38-fm. depression
below Tiger Scarp (chart 0807N-52). Southeast
of this largest embayment are four similar but
smaller embayments. All of'these elilbayments are
bounded on their northwest sides by low scarps
and all lead into a north-northeast trending series
of a.pparent lagoons and chalmels below about
35 fm. To t.he south these embayments are defined
by the 24- to 26-fm. isobaths, but they are progres­
sively less well formed as the end of the Brigant.ine
Shoal Ridge is approached.

The Hudson Channel

The Hudson Channel is the best defined of the
old river valleys on the shel£. It was first diseov­
ered during the 1842--44 surveys and originally
mapped a·s a series of discrete "mud holes." Dana
(1863) later suggested t.hat. these holes were part
of a continuous valley that had been eroded by
the Hudson River. The survey of 1882 demon­
strated the continuity of t.he channel.

The Hudson Channel extends some 85 naut.ical

miles across t.he shel£ from off t.he entrance to New
York Harbor ,to t.he head of the Hudson Canyon
(charts 0807N-52 .and ,-54, and 0808N-55). It. is
very shallow at its upper end, but some 10 nautical
miles southeast of Sandy Hook it deepens
abruptly, runs about 15 nautical miles southward,
and then turns southeastward across the shelf. It
is divided into a series of basins which are floored
with mud and muddy sand. It. becomes partially
lost in an elongated flood plain and delta below
about 40 fm., but several buried channels have been
traced t.hrough this area, the youngest of which
connects t.o the present head of the Hudson Canyon
(Ewing, LePichon, and Ewing, 1963) .

According to Ewing et al. (1963), the' present
Hudson Channel and Delta and the upper slope
portion of the Hudson Canyon have all been in
mueh the same position throughout, -the late
Pleistocene. Vel-Y likely, however, the present head
of the canyon is only one of the latest feeder chan­
nels for the lower canyon. Ewing et al. (1963)
showed some old buried discontinuities (possibly
erosion surfaces) which head northeast of the pres­
ent canyon. Robertson (1964) suggested that the
Georges Bank canyons were eroded during a
Pliocene emergence, filled during an upper Plio­
cene or vel-Y early Pleistocene submergence, and
then re-excavated during the Pleistocene. Some of
the canyons which are immedirutely northeast of
the Hudson Canyon, and which have their ,present
heads below 100 fm. may be of Pliocene age and
hav~ not had their heads re-excavated because the
Hudson drainage moved out of the area.

Terrains Between the Hudson Channel and the
Block Channel

The shelf surface south of Long Island (charts
0808N-53, -54, and -55) has at least three types
of relict terrains. Between about 15 and 35 fm. it is
characterized by 100v ridges and shallow channels
and .appears to be a stream-dissected alluvial plain
modified by minor features formed during the
Holocene transgression. It is not covered by exten­
sive late Pleist.ocene alluvial gravels like the shelf
southwest of the Hudson Channel.
. The shelf surface above about 15 fm. is domi­

nated by WIsconsin glacial outwash and appears
as a sand plain in front of t.he old moraines on
Long Island. It has been much modified by early
Holocene stream erosion, the late Holocene marine
t.ransgression, the modern surf-zone, and possibly
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by present-day storm wave action (see discussions
of this region .by Dana, 1875; Lindenkohl, 1885,
1891; Shepard and Cohee, 1936; Stetson, 1938b,
1949; Lougee, 1953; Elliott et al., 1955; Garrison
and McMaster, 1966; and Uchupi, 1.968). Below
about 35 fm. the surface appears to be dominated
by deltaic and alluvial deposit.ion rather than by
erosion.

As Garrison and McMaster (1966) pointed out,
two major direct.ions of past drainage are a.pparent
on the present shelf surface south of Long Is­
land; one (north of about lat. 40°20' N.) is east­
ward into Block Channel, and the other east and
southeastward into a large embayment (well de­
fined between about 40 and 45 fm. on charts
0807N-52 and 0808N-54) neal' lat. 40°00' N. and
long. 72°10-15' W.
The Block Channel

The Block Channel was discovered during t.he.
same surveys of 1842-44 that found the Hudson
Channel. This broad and shallow channel extends
some 70 nautical miles across the shelf, fro111 inside
Block Island Sound to its delta at the shelf break
(charts 0807N-51, and 0808N-51 and -52). Block
Channel has several minor tributaries entering
from t.he west and two major tributaries entering
from t.he e.ast---one ·from Rhode Island Sound and
Buzzards Bay, and the other from the area south
of Nantucket Sound. The Channel and its Rhode
Island Sound tributary contain what are appar­
ently well-developed tidal deltas between about
23 and 26 fIn.

Dana (1863) suggested that the Block Channel
had been eroded by the Conneoticut River. Gar­
rison and McMaster (1966) considered it to have
been the main trunk for southern New England
drainage during late Wisconsin and Holocene
times, and Krause (1966) suggested that its delta
was forming throughout the Pleistocene. These
authors noted that the delta's present form 'was
reached during the early Holocene when sea level
was about 45 fm. below the present one. This level
is similar to the depth of formation of about 43 fm.
proposed by Veatch .and Smith (1939) for the·
Hudson Delta..

Surficial sediments in the Block Channel consist
of about 16 inches (41 em.) of fine fluvial and estu­
arine sands and silt, l)robably of Holocene. age.
These overlie dean medium sands of 'Visconsin
age and of fluvial origin. The upper 1 inch (2 em.)
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01' so is sandy silt., with a very high water content;
it is probably late Holocene or model'1 sediment
(McM~ter and Garrison, 1966; Garrison and
McMaster, 1966).

Terrains Between the Block Channel and the
Great South Channel

The sea floor east of the Block Challl~el (exclu­
sive of Nantucket Shoals) is zoned much the
same as to the west, alt.hough it. is very much
smoother, contains fewer st.ream channels and other
well-defined offshore features, and is partly cOvered
by considerably different sediments (charts
0807N-51, and 0808N-51 and -52).

Above about 20 fm. the bottom is rough and is
composed of Wisconsin glacial outwash and
morainal deposits modified by st.ream erosion, by
the late Holocene transgression, and by the
present surf-zone. Between about 20 and 35 fm. the
shelf is of very low relief and appears to be an
alluvial plain modified by a few transgressive
features.

The surficial sediments on this plain are fine to
coarse sands, which Garrison and McMaster
(1966) considered to be pre-Holocene fluvial de­
posits later reworked by the Holocene transgres­
sion. To the east, around the margin of Nantucket
Shoals, these authors believed these fluvial sands to
be covered by fine sand derived from the Shoals
during the la.te Holocene 01' present.

The silty 1'egion S01l-th of Ma'l'tha's Vi-neya'l'd.­
Below about 30 to 35 fm. evidence of stream ero­
sion is sparse, the bottom is very smooth, and the
surface sediments change to sandy silt (chart
0808N-52). This region is unique because it is the
only extensive muddy deposit on the entire East
Coast Continental Shelf that is not associated with
a marked depression. It was first mentioned by
Pourtales (1870).

Lindenkohl (1885) considered this muddy area
to be a region of Tertiary outcrop that had not
been covered by Pleistocene deposits. Shepard and
Cohee (1936) thought t.hat the silt was a modern
deposit derived from Georges Bank. Stetson
(1938b) also thought. that silt was now being added
to older sand deposits in the area, and Chamberlin
and Stearns (1963) have suggested a current eddy
to account for this deposition. Garrison and Mc­
Master (1966) noted that the northern edge of the
silt deposit is st.rongly intermixed with older al­
luvial sands and that the eastern edge appears to
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be overlain by younger sand derived from Nan­
tucket Shoals. They believed that the silt accumu­
lated in a topogra.phic depression during the Holo­
cene rise of sea level. Furthermore, they suggested
silt beds under Nantucket Shoals as the source and
placed the age as late Holocene (after the sea had
risen to about 35 fm. below present sea level) be­
cause the surface appears smooth and uneroded.

The smooth appearance in this area may be a
data artifact, resulting from a rather wide spacing
of survey tracklines. Just to tile east of the Block
Delta is a small well-surveyed area (USGGS Hy­
drographic Survey No. 6659) that shows the bot­
tom finely dissected by many small channels and
covered with a few small mounds and depressions.
Although this survey may indicate what the sur­
rounding region would look like if surveyed in
comparable detail, there is some doubt that it does.~
The average standard deviation of the isobath posi­
tion error in the area of USCGS Hydrographic
Survey No. 6659 is 0.13 nautical mile and, because
the principal tracklines run parallel to the trend
of the small channels (i.e., up and down slope)~

lengthwise line shifts of one or two times this
amount would account for much of the fine detail
shown. Some of the crosslines run in this survey,
however, give evidence of shallow channels, and it
seems probable that the true appearance of the
bottom lies somewhere between the two extremes
indicated.

Nantucket Shoals.-For a distance of 30 to 50
nautical miles to the south and southeast of Nan­
tucket Island is a vast expanse of sand shoals and
a tangle of many smaller ridges and depressions
(charts 0708N-51 and -52). Collectively, this area
is called Nantucket Shoals and has been known
since the earliest explorations of the east coast (see
Rich, 1929). Two old maps showing Nantucket
Shoals, one made about 1656 and the other about
1730, are reproduced in Gottmann (1961).

From geologic mapping of Nantucket Island,
Martha's Vineyard, and Cape Cod, it appears that
Nantucket Shoals are relict glacial deposits laid
down when the sea was 25 fm. below its present
level. The large shoals abutting on the Great South
Channel contain a few patches of gravel and prob­
ably constitute a much modified glacial moraine
formed by a late Wisconsin ice-lobe in that chan-

• Personal commull1catlon from John S. Schlee. U.S. Geo­
logical Survey, Washington, D.C.

nel. Farther to the west, Nantucket Shoals prob­
ably were derived by reworking outwash from the
west side of this SOUtil Channel moraine, or from
an interlobate outwash deposit formed between the
South Channel ice-lobe and another ice-lobe ex­
tending through Cape Cod Bay (Zeigler et al.,
1964, suggested that outer Cape Cod is an inter­
lobate deposit fonned between these two lobes),
or from end moraines of the Cape Cod Bay ice­
lobe. Whatever their exact source, these Shoals
have been much altered by early Holocene stream
erosion and by late Holocene and modem tidal cur­
rent and surf-zone action (Lindenkohl,. 1883;
Curtis, 1913).

Old silt beds occur under the Shoals, and Living­
stone (1964) considered them to be of Sangamoll
age. (Atheam (1957) came to the same conclusion
for a similar silt layer about 43 fm. below sea level
some 60 nautical miles south of Moriches Bay,
Long Island.) Groot and Groot (1964) found that
samples of the upper 5 feet (1.5 m.) of the silt
near Fishing Rip contained a mixture of Creta­
ceous, Tertiary, and Pleistocene pollen and spores,
as well as a marine shell about 11,500 years old.
It, thus, seems that the silt layer, at least near
Fishing Rip, has been covered by the Shoal sands
only in the lato Holocene-probably by material
washed southwestward from the lateral moraine
of the South Channel ice-lobe. This type of win­
nowing has been invoked by Garrison and Mc­
Master (1966) to account for the band of fine sand
covering the silty area to the west of Nantucket
Shoals (see also Shaler, 1893). Uchupi (1968) sug­
gested, however, that some of this sand may have
come from the erosion of the outer arm of Cape
Cod.

The Great Sou,{k C'hannel.-The existence of the
Great South Channel was inferred :from local sur­
face currents by Captain John Smith as early as
1614 (Rich, 1929). It separates Georges Bank from
Nantucket Shoals and is a broad and flat but
rough-bottomed valley with a sill at about 40 fm.
(lat. 40°36' N. on chart 0708N-52). It is divided
into a number of shallow basins by low sills. This
Channel was probably occupied by a lobe of the
late-Wisconsin ice-sheet, from which outwash and
moraines contributed to both Little Georges Shoal
to the east and Nantucket Sh~als to t.he west (see
Zeigler et al., 1964). In pre-Pleistocene time Great
South Channel may have been a stream valley
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(Johnson and Stolfus, 1924; Shepard, Trefethen,
and Cohee, 1934; Emery and Uchupi, 1965; and
Uchupi, 1966a, 1966b).

Terraces and Shore Features
on the Outer Shelf

Below about 40 fm. the outer shelf is character­
ized by (1) an alternation of discontinuous scarps
and' relatively flat terraces, some with ~uperim­

posed linear ridges of coarse sands am1 gravels (es­
pecially well developed off New Jer~ey and Dela­
ware) and (2) by ancient river deltas (especially
south of New England). Most authors describe the
scarps and terraces as old shoreline features, de­
veloped during lower Pleistocene sea levels (Tay­
lor, 1872 ; Newberry, 1878; Lindenkohl, 1891;
Shepard, 1932; Stetson, 1938b; Veatch and Smith,
1939; Dietz, 1952; and Emery, 19(1).

Old 81wre Une8.-Three sets of terraces with bars
and spits are observable throughout the area. The
deepest set is between 82 and 90 fm. and averages
about 85 fm. Hemnants of this set may be seen be­
tween Veatch Canyon and Atlantis Canyon (86­
90 fm. on chart 0708N-53), just to the east of the
head of Block Canyon (82-84 fm. on chart 0807N­
51), and to the northeast of Hudson Canyon (82­
86 fm. on chart 0807N-52). In addition, Ewing et
al. (1963) discovered an 80- to 90-fm. buried ero­
sion surface near the Hudson Canyon (their 165-
m. terrace) .

A shallower set, from 73 to 81 fm. and averag­
ing about 77 fm., may be seen bet.ween Veatch
Canyon and Atlantis Canyon (a double set at 78­
81 and 73-76 fro. on chart 0708N-53), and to the
northeast of Toms Canyon (.73-78 fm. on chart
0807N-53). The 85- and 77-fm. set.s of terraces
south of New England have been combined by
Garrison and McMaster (1966) into what they call
the 80-fro. terrace. '

These terraces are backed by a discontinuous
scarp, whose foot is at an average depth of about
77 fro.; this scarp is the Nicholls Shore of Veatch
and Smith (1939). It is well defined in the subsur­
face (Ewing et al., 19(3) and, for the most part,
appears to be a constructional escarpment formed
by younger sediments deposited on an older sur­
face. A more poorly developed deeper scarp, with
its foot at about 86 fm., can be seen between Veatch
Canyon and Atlantis Canyon (chart 0708N-53),
and just to the west of Atlantis Canyon where it
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merges with the higher Nicholls ShQre (chart
0807N-51).

The next set of terraces is between 56 and 71
fm. Imd averages about 64 fm.; it may be seen
between Hydrographer Canyon and Veatch Can­
yon (59-62 fm. on chart 0708N-53), as well as to
the west of Atlantis Canyon (64-70 nn. on chart
0807N-51), and to the northeast of Hudson Can­
yon (59-62 and 62-70 fm. on chart 0807N-52),
Toms, Canyon (64-71 fm. on charts 0807N-52 and
-53), Wilmington Canyon (56-59 fLnd 63-65 fm.
on chart 0807N-56), and Baltimore Cany<m (62­
66 fm. on chart 0807N-56). Referring to the re­
gion south of Ne\v England, Garrison and Mc­
Mast.er (1966) called this set the 65-fm. terrace.
It is backed by a poorly developed scarp whose
foot is at an average depth of about G4 fm. Called
the Franklin Shore by Veatch and Smith (1939),
this scarp appears to be partly const.ructional and
partly destructional in origin. Ewinl? et 0.1. (1963)
could not find a clear subsurface indication of the
Franklin Shore near the Hudson Canyon.

Although these three sets of terraces and scarps
were certainly formed when the sea was at various
lower levels than at present, it is not easy to deter­
mine the exact levels. The difficulty ,was made
plain by Johnson (1910,1932), Johnson and Win­
ter (1927), and Miller (1939) in discussions ofthe
problems involved in. correlating old shorelines
now above sea level. These authors concluded that
at a given sea-level shoreline features can be de­
veloped at different elevations 'and that determina­
tion of former sea levels by physiographic meth­
ods alone is, conse.quently, very inaccurate.
Johnson (1932) has also pointed out that a dis­
tinct.ion must ,be made between the elevations of
erosional and depositional features formed at the
same sea level. All of these. conclusions are also
applicable to submerged features

Numerous estimates of former sea levels on the
outer shelf have been based on appraisals of the
eustatic lowering of sea level during the forma­
tion of the Pleistocene ice-sheets (e.g., Maclaren,
1842; Taylor, 1872; Shaler, 1875; Daly, 1925 ;'Fair­
bridge, 1960; Curray, 1961; and Shepard, 19(1).
Donn, Farrand, and Ewing (1962) give double es­
t.imates for t.his eustatic lowering which cOlTespond
with two different estimates of the present thick­
ness of the Antarctic ice-cap. These, combined with
dates taken from Emiliani (1961, 1964, 19(6) and
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Broecker (1966), are: (1) a maximum Illinoian
lowering of about 75 or 88 fm. (some 110,000 years
ago), (2) a maximum early 'Visconsin lowering
of about 63 or 74 fm. (some 53,000-60,000 yea.rs
ago), and (3) a maximum late Wisconsin lowering
of about 58 or 68 fm. (some 18,000-20,000 years
ago).

In addition to these three terra.ces, Ga.rrison and
MeMaster (1966) have noted the existenee of an­
other terrace formed when sealevel stood at about
45 fm. This level seems ,to have been the latest
el)isode in (1) large delta formation, espeeially
south of New England, and (2) extensive barrier
beach-lagoon formation off New Jersey and Dela­
ware. The 45-fm. terraee is well developed near
the Block Delta, where there is also evide.nee of
smalllngoons to the east (chart 0808N-52) , and of
a large spit and a barrier beach-lagoon eomplex to
the west (cha.rts 0807N-51 and 0808N-54). The
terrace is also ,vell developed between the Block
Delta and the Hudson Canyon (chart 0807N-52)
and between Toms and Wilmington Canyons
where a large embayment amI an extensive series
of barrier beaehes and lagoons seem to have formed
(chart 0807N-53) .

Delta.8.-0Id river deltas along the 45-fm. ter­
rare are espeeially weH developed northeast of the

. Hudson Cha.nneI. The 45-f111. level was the most
recent episode in a long history of large-scale del­
taic deposition on this part of the outer shelf. The
most typical and best. preserved of the old deltas is
associated with Block Chl1lUlel (Garrison and Mc­
Master, 1966). From seismic. profiles Krause
(1966) has concluded that this delta probably
existed throughout the Pleistocene. Where it bulges
out over the edge of the shelf and onto the upper
Contineiltal Slope, Krause's profiles revealed a
large area of bottomset beds.

Between the Bloc.k and Hudson Deltas a small
delta is associated with the southeasterly drainage
pattern south of Long Island. Probably of late
Wisconsin or Holoeene age., this delta appears to
lie almost completely above the 64-fm. terraee
northeast of the Hudson Ca.nyon (chart 0807N­
52).

The Hudson Channel disappe.ars below about 40
fm. in what. Veatch alid Smith (1939) have called·
the Hudson Apron, a large delta whose latest
stage of construction oecurred when sea level stood
at about 43 fm. The la.rge bar, or spit, just to the

northeast of the Hudson Canyon, may represent
the remains of an earlier delta built during or
shortly after the late Wisconsin maximum sea level
regression (which proba.bly formed the 64-fm. sur­
face under this feature). Similar large spits to the
northeast of both Wilmington and Baltimore Can­
yons (chart 0807N-56) may alsO be rromiants of
early or late Wisconsin deltas-probably built in
this area by the Delaware River. Little evidenee
exists of delta formation at the 45-fm. level east
of Block ChmmeI.

Ca'nyon8 (md the 810pe c01l!plew.-The Continen­
tal Slope of Eastern North Ameriea was discov­
ered in the early 19th century, but it was not
studied in detail until the 1870's, when the first
successful wire-sounding machines were intro­
duced. The Coast Survey steamer Blake surveyed
the slope during 1877-80 (Agassiz, 1888), and the
Fish Commission steamers F-/lsh H a'wk and Alba.­
f1'088 did extensive deep-water biological dredging,
espeeially south of New England, during the
1880's.

Although the upper parts of eanyons on the edge
of the Seotian Shelf and Grand Banks had long
been known to commercial fishermen (see Collins,
1885, and Johnson, 1885), no evidence of Middle
Atlantic canyons wa-s obtained until the 1842 work
of the Coast Survey. After the soundings from the
1842 surveys were plotted, nautical chalts carried
notations of a "145-fathom hole" near the head of
Hudson Ca.nyon. Dana (1863) used an 1852 ehart
to trace t.he Hudson and Block Channels across
the Shelf, but the new surveys of 1882 were re­
quired to show the immense size of the Hudson
Canyon and its extension to the bottom of the
Continental Slope (Lindenkohl, 1885). The uppe.r
part of another canyon, later named the Atlantis
Canyon, was diseovered by the A.lbat·1'088 in 1884
(Tanner, 1886). After the diseoveries of the 1880's
the canyons w~re mueh discussed (see Upham
1890a, 1890b, 1894; and Spencer, 1890, 1903, 1905a,
1905b) -usually in attempts to support theories
of a vast uplift of the North Ame.riean eontinent
during the late Tertiary or early Ple.istoeene, which
was supposed to have caused the ice age-but little
new field work was done until the surveys by the
USCGS in the 1930's (discussed by Shepard, 1931,
1933a, 1988b, 1934, 1938; Daly, 1936; Shepard and
Beard, 1938; amI Stetson, 1938a, 1938c). This work
eulmina.ted in the report and eharts of Vea.teh and
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Smith (1939)-see also Smith (1939, 1940a, 1940b,
1941).

The origin of these canyons is still an open ques­
tion, but most recent authors believe that they were
formed by'R combination of fluvial processes deliv­
ering sediment. during lower stands of the sea and
submarine tra.nsport of the sediment by mass move­
ment and turbidity currents seaward of the shelf.
Review articles on the canyons as well as on the
Continental Slope and Rise have bee.n made by
Johnson (1938-1939, 1939), Veatch and Smith
(1939), Stetson (1949), Deitz 'and Menard (1951),
Dietz (1952, 1963a), Kueneu (1953), Drake et a1.
(1959), Heezen et a1. (1959), Shepard (1963) ,
Guilcher (1963a, 1963b), Heezen (1963), Moore
and Cm'ray (1963), Hoskins and Hersey (1965),
Emery (1966b), Krause (1966), and Heezen, Hol­
lister, and Ruddiman (1966).

The surface sediments of the slope and eanyons
consist of rock outcrops, deltaic deposits, and
slumping debris, all of which are more or less
covered by a veneer of late. Pleistocene and present­
day muds and organic oozes.

Terraces and Shore Features
on the Inner Shelf

For the most part t.he inner shelf is made up of
alluvial plains that have been modified by glacial
outwash and by the Holocene transgression. Much
of this has been discussed in preceding sections,
but some of the better defined features deserve fur­
ther mention. Although transgressive features oc­
cur on the inner shelf at almost every level between
the present shore and about 40 fm., they scem to
be concentrated in at least four major bands that
occur at about 6 to 15, 15 to 27, 28 to 33, and 33
to 40 fm.

The shallowest of these bands (6-15 fm.) has
been described by McMaster and Garrison (1967)
who noted evidence of a barrie.r spit and lagoon
south of Bloe-I\: Island nt about 13 fill. (ehart
0808N-51). Similar spits can a.lso be found at a.bout
13 fm. southeast of Cape May (chart 0807N-56),
across the Great Egg Harbor River Channel and
east of Brigantine Shoal (chart 0807N-55 ), south­
east of Montauk Point (cha.rt 0808N-53), east of
Point .Tudith and south of Nomans Land (chart
0808N-51). Furthermore, Elliott et a1. (1955) have
noted a ridge, which crosses the Delaware Channel
Itt a depth of about 15 fm., and ha.\'e suggested that
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this ridge may be the remains of a submerged
coastal terrace (chart 0807N-57).

The 6- to 15-fm. band is also well represented
by channel. bars and small depressions off the coasts
of Delaware and New Jersey, by the barred terrace
below Cholera Bank south of westem Long Island
(chart 0808N-55) , by t.he tidal delta between
Martha's Vineyard and Nant.ucket Island (chart
0808N-51), and by the higher parts of Nantucket
Shoals. Most of these features are probably of late
Holocene age.

The second band (15-27 f111.) is represented by :
many apparent channel bars, barrier beaches, and
lagoons off the coasts of Delaware and southern
New Jersey; by spits and bars above Tiger Scarp
(chart 0807N-52) ; by Cox Ledge south of Nar­
ragansett Bay and the tidal deltas in the Block
Channel system (chart 0808N-51) ; and by a plat­
form with numerous sand ridges south of the south­
eastern part of Nantucket Shoals (chart 0708N­
52). These features are probably of Holocene age,
with the possible exception of the platform south
of Nantucket Shoals. This platform may represent
the old silt beds under the Shoals and may be as
old as the Sangamon (Livingstone, 1964) ; how­
ever, its covering of sand ridges is probably Holo­
cene (Groot and Groot, 1964).

A Holocene age estimate for the features in this
band is supported by the discovery of fossil oysters,
o-m8.~o8tl'ea ·vi7·ginica-, some with radiocarbon ages
of 7,300 to 10,300 years, at depths of 18 to 24 fm.
t.hroughout the mapped area (Merrill et aI., 1965;
Emery and Garrison, 1967). Living oysters of this
species are found almost entirely in shallow in­
shore waters. Old fresh-water peat deposits, with
radiocarbon ages of 8,600 to 11,000 years, ha.ve
also been found in this band on Nantucket Shoals
(Emery, Wigley, Bartlett, Rubin, and Barghoorn,
1967).

The third band (28-33 fm.) is represented by
bars and lagoons off southern New Jersey and by
barred terraces south of Long Island and Massa­
chusetts. These fea.tures are also probably of Holo­
cene age. Fossil oysters, some with radiocarbon
ages of 9,800 to 10,800 years, have been found con­
centrated in this band throughout the area (Mer­
rill et aI., 1965; Emery and Garrison, 1967). An
old peat. deposit has been found at a depth of about
32 fm. on Georges Bank, just to the east of t.he
region discussed in the present report.; this has a
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radiocarbon age of about 11,000 years (Emery et
al., 1966, 1967).

The fourth band (33-40 fm.) is marked by
several terrace remnaJlts, some with extensive bars
and lagoons. For example, the foot of Fortune,
SCal1? (northeast of the Hudson Delta) lies at
about 37 to 38 fm. nnd the foot of Tiger Scarp at
about 33 to 36 fm. (chart 0807N-52). Garrison
and McMaster (1966) also noted that a significant
percentage of what appear to be Holocene ridge
tops south of New England are at depths of 34 to
39 Dn. and an old fresh-water peat deposit has
been discovered at 36 fm. just south of the mapped
region, (Emery et al., 1967). This peat has a radio­
carbon age of 13,500 years.

ACKNOWLEDGMENTS

J. Lockwood Chamberlin of the Bureau of
Commercial Fisheries encouraged me to write this
report. Charles B. Hitchcock, American Geo­
graphical Society, and Harris B. Stewart, Jr., and
Lorne Taylor, both of ESSA (Environmental
Science Services Administration), provided in­
terest and support for publication of the maps.
.John M. McAlinden and Charles R. Wittmann,
both of ESSA, contributed much to the final design
of the published maps. John A. Knauss, Robert
L. McMaster, and Louis E. Garrison, all of the
Narragansett Marine Laboratory, University of
Rhode Island, made Garrison's bathymetric com­
pilations available. John S. Schlee, of the U.S.
Geological Survey, and Anita J. Mondale reviewed
the manuscript. Janet A. Tippett made the
reliability computations.

LITERATURE CITED
ADAMS,K.T.

1942. Hydrographic manual. U.S. Coast Geod.
Surv., Spec. Publ. 148 (rev. ed.). 940 pp.

AGASSIZ, A!JEXANDER.

1888. Three cruises of the U.S. Coast and Geodetic
Survey steamer "Blake" in the Gulf of Mexico, in
the Caribbean Sea. and along the Atlantic coast of
the United States. from 1877 to 1880. Houghton
Mifflin Company, Boston. 2 vols., 314 + 220 pp.

ALEXANDER, A. E.

1934. A petrographic and petrologic study of some
continental shelf sediments. .J. Sediment. Petrol.
4: 12-22.

ANTEVS, ERNST.

1922. The recession of the last ice sheet in New
England. Anler. Geogr. Soc.. Res. Ser. 11, 120 pp.

1928. The last glaciation. Amer. (kogr. Soc.. Res.
Ser. 17,292 pp.

ATHEARN. WILLIAM D.

1957. Comparison of clay frOln the continental shelf
off Long Island with the Gardiners Clay. J. Oeol.
65 : 448-449.

AUSTEN, ROBERT A. C.

1850. On the valley of the English Channel. Geol.
Soc. London. Quart. J. 6: 69-97.

BIGELOW, HENRY B.

1931. Oceanography: its scope. problems, and
economic importance. Houghton Mifflin Company.
Boston, 263 pp.

BROECKER, 'VALLACE S.
1966. Absolute dating and the astronomical theory

of glaciatiol).. Science (Wash.) 151: 209-304.
CHAMBERLIN, J. LOCKWOOD, amI FRANKLIN STEARNS.

1963. A geographic stUdy of the clam Spisula poly­
llyma (Stimpson). Serial Atlas of the Marine
Environment, Folio 3. Amer. Geogr. Soc., N.Y., 12
pp., 6 charts.

COLLINS. J. W .
1885. Fishing on an edge of the Grand Banks. Bull.

U.S. Fish Comm. for 1885, 5: 256.
CURRAY. JOSEPH R.

1961. Late Quaternary sea level: a discussion.
Geol. Soc. Amer., Bull. 72: 1707-1712.

1964. Transgressions and regressions. Itl' Robert L.
Miller (editor), Papers in marine geology:
Shepard Commemorative Volume, pp. 175--208.
Macmillan. N.Y.

CURTIS, GEORGE C.

1913. The fishing banks off our Atlantic Coast. Bull.
Amer. Geogr. Soc. 45: 413--422.

DALY, REGINALD A.

1925. Pleistocene changes of level. Amer. J. Sci.
(ser. 5) 10:281-313.

1936. Origin of submarine "canyons." Amer. J. Sci.
(ser. 5) 31: 401--420.

DANA, JAMES D.
1863. Manual of geology. 1st ed. Theodore Bliss

and Co., Philadelphia, 798 pp.
1870. On the geology of the New Hayen region.

with special reference to the origin of some of its
topographic feoatures. Trans. Conn. Acad. Art. Sci.
2: 43-112.

1875. On southern New England dUl'ing the melting
of the great glacier: No. II. Amer. J. Sci. (ser. 3)
10: 280-282.

1883. 'Phenomena of the Glacial amI Champlain
IX'l'iods Ilbout the mouth of the Connectil'ut Valle~·

-that is, in the New Hayen region. Amer. J.
Sci. (ser. 3') 26: 341-361.

1890. Long Island Sound in the Quaternary Era.
with obseryations on the submarine Hudson Rh'er
channel. Amer. J. Sci. (ser. 3) 40: 425-437.

DIETZ, ROBER'l' S.
1952. Geomorphic evolution of continental terrace

(continental shelf and slope). Amer. Ass. Petrol.
Geol. Bull. 36: 180"2-1819.

BATHYMETRIC MAPS AND GEOMORPHOLOGY OF MIDDLE ATLAN(l'IC CONTINENTAL SHELF 61



1968a. Collapsing continental rises: an actualistic
COncel)t of geosynclines and mountnin building. .T.
Geol. 71 : 314-333.

1963b. Wave-base. marine profile of equilibrium,
and wave-built terraces: a critical appraisal.
Geol. Soc. Amer., Bull. 74: 9i1-990.

1964. Wave-base. marine profile of equilibrium, and
wave-built terraces: reply. Geol. Soc. Amer.. Bull.
7'5: 1275--1282.

1965. Collapsing continental rises: an adualistic
concept of geosynclines and mountain building: a
reply. J. Geo!. 73 : 901-006.

DIETZ, ROBERT S., and JOHN C. HOLDEN.
1966. Miogeoclines (miogeosynclines) in space amI

time. J. Geol. 74: 566--583.
DIETZ, ROBERT S., and HENRY W. MENARD.

1951. Origin of abrupt change in slope at continental
shelf margin. Amer. Ass. Petrol. Geo!.. Bull. 35:
1994-2016.

DIXON, WILFRID J .. llnd FRANK J. MASSEY. Jr.
1957. Introduction to statistical analysis. 2d ed.

McGraw-Hill Book Company. N.Y.. 488 pp.
DONAHUE, JESSIE G.. ROBERT C. ALLEN. an(l BRUCE C.

HEEZEN.
1966. Sediment size distribution profile on the con­

tinental shelf off New Jersey. Sedimentology 7:
155-159.

DoNN, 'WILLIAM L.• WILLIAM R. FARRAND, and iVIAlTRICE
EWING.

1962. Pleistocene ice volumes llnd sea-level lowering.
J. Geol. 70: 206-214.

DONNER. JOAKIM J.
1964. Pleistocene geology of eastern Long Island.

New York. Amer. J. Sci. 262: 355-:n6.
DRAKE, C. L.. M. EWING, and G. H. SUTTON.

1959. Continental margins and geosynclines: the east
coast of North America north of Oape Hatteras.
In L. H. Ahrens (editor), Physics and CbE'nlistry
of the earth, vol. 3, pp. 110--198. Pergamon Press.
N.Y.

DRAKE, C. L., J. HEIRTZLER, and J. HIRSHMAN.
1963. "Magnetic anomalies off eastern North AIner­

lca. J. Geophys. Res. 68: 5229-5275.
ELLIOTT, FRANCIS E.. WILLIAM H. MYERS, amI WILLIS L.

TRESSLER.
1955. A comparison of the environmental charac­

teristics of some shelf areas of eastem United
States. J. Wash. Acad. Sci. 45: 248-259.

EMERY. K. O.
1961. Submerged marine terraces and their setH­

ments. Ann. Geomorph.• Supp. 3 (Pacific island
terraces: eustatic?), pp. 17-29.

1966a. Early man may have roame(l tlle Atlantic
shelf. Oceanus 12(2): 3-5.

196Gb. Atlantic ('o~tinental shelf and slope of the
United States: geological background. U.S. Geol.
Surv.. Prof. Pap. 529-A, 23 pp.

1967. Estuaries and lagoo'lls in relation to continen­
tal shelvE'S. In G. H. Lauff (editor). Estuaries.
pp. 9-11. Amer. Ass. Advan. Sci. (Publ. 83). Wa~h..
D.C.

62

EMERY. K. 0 .• and LOUIS E. GARRISON.
1967. Sea levels 7,000 to 20,000 years ago. Science

(Wash.) 157: 6&1-687.
EMERY, K. 0 .. and JOHN S. SCHLEE.

1963. The AJtlantic continental sbelf and slope: a
program for study. U.S. Geol. Surv.. eirc. 481, 11
pp.

EMEltY, K. 0., and ELAZAR UCHUPI.
1965. Structure of Georges Bank. Mar. Geo!. 3:

349--858.
EllERY, K. 0., ARTHUR S. MEIlRILL. and JAMES V. A.

TRUMBULL.
1965. Geology and biology of the sea floor liS deducE'd

from sinlU'ltllneous photographs and samples. Lim­
no!. Oceanogr. 10: 1-21.

E~IERY, K. 0., R. L. WIGr.EY. and MEYER RURIK.
10(16. A submerge£1 peat. deposit off the Atlantic

coast of the Unit.ed States. LimnoI. Oceanogr. 10.
Spec. Supp., pp. R97-R102.

EMERY, 1\:. 0 .• R. L. 'VIGLEY, .ALEXANDRA So BARTLETT,
MEYER RUBIN, and E. S. BARGHOORN.

1967. Freshwater peat on the continental shelf.
Science (Was<h.) 158: 1301-1307.

ElIILIANI, CESARE.
1961. Cenozoic climate changes as indicated by the

stratigraphy and chronology of deep-sea cores of
globigerina-ooze facies. Ann. N.Y. Acad. Sci. 95:
521--536.

1964. Paleotemperature analysis of the Caribbean
cores A254--BR-O and OP-28. GeoI. Soc. Amer..
Bull. 75: 129-144.

1966. Paleotemperature anlllysis of the CarIbbean
cores P6804--8 and P6804-9, and a generalized tem­
perature ClU'VE' for the past 425,000 years. J.
Geol. 74: 109-126.

EWING. JOHN, XAVIER LEPICHON, amI MAURICE EWING.
1963. Upper strat.ification of Hudson Apron region.

J. Geophys. Res. 68: 6303--6316.
~'AIRBRIDGE. RHODES "V.

1960. The changing level of the sea. Sci. Amer. 202
(5): 70-79.

~'ENNEMAN. NEVIN M.
1938. PhYi'liograph~' of eastern United ~tates. Mc­

Graw-Hill Book Co., N.Y., 714 pp.
FISCHER. A. G.

1961. St.ratigraphic rE'cord of transgressing seas in
light of sedimE'ntation on Atlantic coast of New
Jersey. Amer. A~. Petrol. Geol.. Bull. 45: 1656­
1666.

FLINT. RICHARD F.
1940. Pleistocene features of the Atlantic coastal

lliain. Amer. J. Sci. 238: 757-787.
1957. Glacial and Pleistocene geology. John Wile~'

and Sons. N.Y.. 553 pp.
lfRANKEl.. LARR"Y. am1 H. F. THO:.IAS.

1966. PJvidence of fl'P.shwater lake del)Osits in Blocl,
Island Sound. .J. (:leol. 74: :HO-242.

FULLEIl. :\!YHON L.
1914. The geolog~' nf Lnng Islnll(l. New York. U.S.

·Geol. Sm',' .. Prof. Pap. 82, 231 pp.

U.S. FISH AND WILDLIFE SERVICE



63

HEEZEN, BRUCE C., CHARLES D. HOLLISTER, arid WILLIA}[
F. RUDDnIAN.

1066. Shaping of the continental rise by deel) geo­
strophic contour cnrrents. Science (Wash.) 152:
502-508.

HEEZEN, :BRUCE C., MARIE THARP, and MAURICE EWING.
1950. The floors of the oceans-I: the noI'!th At­

lantic; text to accompany the physiographic dia­
granl' of .the North Atlautic. Geol. Soc. Amer..
Spec. Pap. 65, 122 pp.

HOSKINS, HARTLEY.
1967. Seismic reflection ob'ser\'utions on the Atlan­

tic continental shelf, slope, ,and rise southeast of
New lj}ilgland. J, Geol. 75: 508-611.

HOSKINS, HARTLEY, and J. B. HERSEY.
1965. Seismic reflection obSerV'3.tiOlis on the Atlantic

co~tinentnl shelf, slope, a-nd rise sontheast of New
England. [Abstmct.] Amer. Geophys. Un., Tran's.
46: 104.

HQWARD, ABTHURD.
1980. HurriMne modification of the offshore bal' of

Long Island, New Yorl;:. Geogr. Rey. 29: 400­
415.

Hsu, K. JINGHWA.
1965. Collnpsing continental rises: "fln actualistic

concept of geosynclines and mountain' building:
a discussion. J. Geol. 73: 897-900.

.JOHNSON, DOUGLAS W.
1010. The supposed recent subsidence of the Massa­

clmsetts and New Jersey coasts. Science' (Wash.)
82 : 721-728.

1919. Shore processes and shore line development.
JOllll Wiley and Sons, N.Y., 584 pp. .

1025. The New England-Acadian shoreline. John
Wi'ley and Sons', N.Y., 6OS.pp. .

1082. Principles of marine level correlation. Geogr.
Rey. 22: 294-298.

1988-1989. Origin of submarine canyons. J. Geo­
morpho 1: 111-129, 230-243. 824-340: 2: 42--60, 183­
158, 218-286.

1989. Origin of submarine canyons. Columbia Univ.
Press, N.Y., 216 pp.

JOHNSON, D. W., and 1\:1. A. STOLFUS.
1924. The submerged coastal plain and old land of

New England. Science (Wash.) 59: 291-298.
JOHNSON, DOUGLAS, and ELIZABETH WINTER.

1927. Sea-level surfac~s a11(l the problem of coaSital
subsidence. Anier. Phil. Soc., Proc. 66: 465-496.

JOHNSON. GEORGEA.
1885. A mud slough on the Granel Banks. Bull.

U.S. Fish Co111 111. for 1885. 5: 291-2!)2.
,JONES. OWEN T.

1941. Continental slopes and shelves. Geogr. J. 97
(2) : 80-99.

KAY. MARSHALL
1951. North American geosynclines. Geol. Soc.

Amer.• Mem. 48, 148 pp.
KAYE, CLIFFORD A.

1964. Illinoian'and early Wisconsin moraines of
:\1artha's VineY/H'd, Mnssacbnsebts. U.S. ·Geo!.
SUIT., Prof. Pal). 501-C, pp. C14o-Cl48.

BATHY1\:1ETRIoC MAPS AND GEOMORPHOLOGY OF MIDDLE ATLANfrW CONTINENTAL SHELF

GARRISON, LoUIS E., and ROBERT L. McMASTER.
1966. Sediments and geomorphology of the conti­

nental shelf off southel'n New England. Mal'.
Geol. 4: :173-289.

GEYER, RICHARD A.
1048. Annotatl"<l bibliography of marine geophysical

and geological surveys. Geol. Soc. Amer.• Bull. 50:
671--696.

GOTnIANN, JEAN.
1061. Megalopolis: the urbanized northeastern sea­

board of the Uniteel States. The Twentie.tli Ceil­
tury Fund, N.Y. 810 pp. [Paperback eel., The
M.I:T. Press, Cambridge, 1\:[ass., 1964.]

GROOT, CATHARINE R., amI JOHAN J. GROOT.
1064. The pollen flora of Quaternary sediments be­

neath Nantucket Shoals. ArneI'. J. Sci. :162: 488­
498.

GUILCHER, ANDRE.
1958. Coastal and Sl~bmarine 1ll0rl)hology. Trans.

from Ule French by B. W. Sparl;:s and R. H. W.
Kneese. Methuen and Co., London, 2i4 PI). [First
published as l\:Iorphologie Uttorale et sousmarine,
Presses Universitaires de France, Paris, 1954.]

1968a. Continental shelf and slope (C'oll'tinentalmar­
gin). h~ JL N. Hill (editor). The sea-ideas and
obser\'ations on progress in the ~tudy of the seas:
vol. 8-the earth beneath the sea: history, PP. 281­
811. Interscience Publishers, N.Y.-London.

1968b. Estual'ies, deltas, shelf, slope. In 1\:1. N. Hill
(editor), The sea-ideas and observatjons on prog­
ress in the stUdy of the seas; vol. 8-the ealth be­
neath ,llie sea: history, pp. 620-654. Interscience
Publishers, N.Y.-London.

GULLIVER, F. P.
1899. Shoreline topography. Amer. Acad. Art Sci.,

Proc. 84: 151-258.
HACHEY, H. B., L. LAUZIER, a.nd W. B. BAILEY.

1956. Oceanographic features of submarine topog­
raphy. Roy. Soc. Can., Trans. (ser. 8) 50(sec.
4) : 67--81.

HAMMOND, EDWIN H.
1964. Analysis of properties in land forlll geog­

raphy: an application to 'broad-scale land form
mapping. Ann. Ass. Amer. Geogr. 54: 11-19.
[Willi accompanying ma,p; Classes of land-snrface
form in the forty-eight states, U.S.A.. Map
Suppl. 4.]

HARLAND, W. B.
1967. Early history ofllie North Atlantic ocean

and its margins. Nature (London) 216: 464--467.
HARLAND. W. B.. A. G. SMITH, und B. WILCOCK.

1964. The Phanerozoic time-scale: a symposium.
Geol. Soc. London, Quart. J.120S, 4581)P.

HEEZEN, BRUCE C.
1968. Turbidity currents. In M. N. Hill (editor),

The sea-ideas and observations on l)rogress in
the study of llie seas; vol. 8-the earth beneath
lJbe sefl!:' history, pp. 7-!2-775. In.terscience Pub­
lishers, N.Y.-London.

379-242 0 - 70 - 5



KRAuSE, DALE C.
1966. Seismic profile showing Cenozoic development

of the New England continental margin. J. Geo­
phys. ReS'. 71: 4327-4332.

KUENEN, PH. H.
1953. Origin and classification of submarine 011.11­

yons. Geol. Soc. Amer., Bull. 64: 1295-1314.

KULP, J. LAURENCE.
1961. Geologic time scaJ.e. Scie~ (Wash.) 1331:

1105-1114.
LINDENKOBL, A.

1883. Notes on the model of the Gulf of Maine
constructed for the United Sfates Fish Commis­
sion. Bull. U.S. Fi8Ih Com-ID. for 1883, 3: 449­
454.

1885. Geology of the. sea bottom in .the approaches
to New York Bay. Amer. J. Sci. (ser. 3) 29: 475­
480.

1891. Notes on the submarine clwumel of the Hud­
son River and other evidence C1f postglacial sub­
sidence of the Middle Atlantic coast region. Amer.
J. Sci. (ser. 3) 41: 489-499.

LIVINGSTONE, D. A.
1964. 'llhe pollen flora C1f submarine sedimel1lts from

Nantucket Shoals. Ame-r. J. Sci., 262: 479-487.
LIVINGSTONE, ROBERT, JR.

1965. A preliminary bibLiog;raphy with KWIO Index
on the ecology of.. estoories and coastal areas· of
the eastern United States. U.S. Fish Wildl. Serv..
Spec. Sci. Rep. Fish. 507, 352 pp.

LORING, D. H.• and D. J. G. NOTA.
1966. Sea-floor conditions around the Magdalen

Islands in the southern GUI1f of St. Lawrence.
J. Fish. ReEl. Bd. can. 23 : 1197-1207.

LOUGEE, RICHABD J.
1953. A" chronology of postglacial time in eastern

North America. Sci. Mon. 76: 259-276.
LUCKE, JOHN B.

1934a. A stUdy of Barnegat Inlet. Shore and Beach
2(2) : 45-94.

1934b. lA. theory of evolution of lagoon deposiUil on
shorelines of emergence. J. Geol. 42: 561-584.

MAoCLINTOCK, P.
1943. Marine topography of the Cape May Forma­

tion. J. Geol. 51: 458-472.
}IACLAREN, CHARLES.

1842. The glacial theory of Professor Agassiz.
Amer. J. Sci. 42: 346-865.

}IcMASTER, ROBERT L., and LoUIS E. GARRISON.
1966. Mineralogy and origin of southern New Eng­

land shelf sediments. .J. Sediment. Petrol. 36:
1131-1142.

1967. A submerged Holocene shoreline near Block
Island. Rhode Island. .J. Geol. 75: 3.':l5-340.

}IERRILL, ARTHUR S.• K. O. EMERY, and MEYER RUBIN.
1965. Ancient oyster shells on the Atlantic con­

tinental she-lf. Science (Wash.) 147: 398-400.

64

MILLER, A. AUSTIN.
1939. Attainable standards of accuracy in the deter­

mination of preglacial sea levels by physiographic
methods. J. Geomorph. 2: 95-115.

MIl.LER. ROBERT I.., and JOHN M. ZEIGLER.
1964. A study of sediment distribution in the zone of

shoaling waves over complicated topography. Tn
Robert L. Miller (editor), Papers in marine
geology: Shepard Commemorative Volume, pp.
133-153. ~facmillan, N.Y.

MOORE, DAVID G., and JOSEPH R. CURRAY.
1963. Sedimentary framework of continental terrace

off Norfolk, Va.• and Newport, R.I. Amer. Ass.
Petrol. Geol.. Bull. 47: 2051-2054.

1964. Wave-base, marine profile of equilibrium, and
wave-built terraces: discussion. Geol. Soc. Amer.,
Bull. 75 : 1267-1274.

MURRAY, GROVER E.
1961. Geology of the Atlantic and Gulf Coastal

Province of North America. HOl'per and Brothers,
N.Y., 692 pp.

NIEWBERRY, J. S.
1878. The geological history 'of New York island and

harbor. Pop. Sci. Mon. 13: 641--660.
PARKER. ROBERT H., and JOSEPH R. CURRAY.

1956. l!'auna and bathymetry of banks on continental
shelf, nOl'thwes't Gulf of Mexico. Amer. Ass.
Petrol. Geol., Bull. 40: 2428-2439.

POURTALES. L. F.
1850. Report of l!'. dePourtales, Assistant, U.S. Coast

Survey, on the distribution of the Foraminifera on
the roast of New JerSt."y, RS shown by the off-shore
soundings of the Coast Survey. Amer. Ass. Advan.
Sci., Proc.• 3d Meet., Charleston. S.C.. March. 1850.
pp.84-88.

1870. Der Boden des Golfstromes und der atlantis­
chen Kuste Nord-Amerika's. Petermann's Geogr.
Mitt. 16: 393-398.

RICH, WALTER H.
1929. Fishing grounds of the Gulf of Maine. Rep.

U.S. Comm. Fish. for 1929. App. 3. pp. 51-117.
RICHARDS. HORACE G.

1962. Studies on the marine Pleistocene: Part I.
The marine Pleistocene of the Americas and Europe.
Amer. Phil. Soc.. Trans. (n.s.) 52(3) : 1-41.

ROBERTSON, MICHEL I.
1964. Oontinuous seismic profiler survey of Oceanog­

rapher, Gilbert. and Lydonia submarine canyons.
Georges Bank. .1. Geophys. Res. 69: 4779-4789.

SCHAFER. J. P.
1961. Correlation of end moraines in southern Rhode

Island. U.S. Geol. Surv., Prof. Pap. 424--D, pp.
D68-D70.

SCHAFER. J. P., and J. H. HARTSHORN.
1965. The Quaternary of New England. In H. E.

Wright, Jr., and Da\"id G. Frey (editors). The
Quatel'nary of the United States-a review volmne
for the VII Congress of the International Associa­
tion f1>r Quaternary !le;;ea,rch. pp. 113-128. Prince­
ton Uni\". Press. Princeton, N.J.

U.S. FISH AND WILDLIFE SERVICE



SCHLEE,"JoHN.
1964. New Jersey offshore gravel deposit. Pit and

Quarry 57 (6) : 80-81, 95.
SCHUCHERT, CHARLES.

1928. Sites and nature of North American geo­
synclines. Geol. Soc. Amer.. Bull. 34: 151-230.

SCHWARTZ, MAURICE L.
1967. The Bruun theory of sea-level rise as a cause

of shore erosion. J. Geol. 75: 76-92.
SHALER, NATHANllEL S.

1875. Notes on some of the phenomena of elevation
and subsidence of the continents. Boston Soc. Nat.
Bist.. Proc. 1874-1875. 17: 288-292.

1881. Notes on the subnlli.rine coast-shelf, or hundred
fathom detrital fringe. Boston Soc. Nat. Hist..
Proc. 1878-1880, 20: 278-282.

1893. The geological history of harbors. U.S. Geol.
Surv., 13th Annu. Rep., pt. 2. pp. 93-209.

1895. Beaches and tidal ma:rshes of the Atlantic
coast. Nat. Geogr. Soc.. Monogr. 1(5) : 137-168.

SHEPARD, FRANCIS P.
1931. Glacial troughs on the continental shelves. J.

Geol. 39 : 345-360.
1932. Sediments of the continental shelves. Geol.

Soc. Amer.. Bull. 43 : 1017-1040.
1933a. Submarine valleys. Geogr. Rev. 23: 77-89.
1933b. Canyons beneath the seas. Sci. Mon. 37: 31­

39.
1934. Canyons off the Np-w England Coast. Amer.

J.Sci. (ser.5) 27:24--36.
1938. The enigma of the submarine canyons. Sci.

Amer.159(3) : 130-132.
1943. Imaginary submarine canyons. Science

(Wash.) 98:208-209.
1948. SUbmarine geology. Harper and Brothers,

N.Y., 348 pp.
1961. Sea level rise during the past 20,000 years.

Ann. Geomorph.• Supp. 3 (Pacific island terraces:
eustatic?), pp. 30-85.

1963. SUbmarine canyons. In M. N. Hill (editor);
The sea-ideas and observations on progress in the
study of the seas; vol. 3-the earth beneath the
sea: history. pp. 480-506. Interscience Publish­
ers. N.Y.-London.

SHEPARD. F. P .. and C. N. BEARD.
1938. SUbmarine canyons: distribution and longi­

tudinal profiles. Geogr. Rev. 28: 439-451.
SHEPA.RD, F. P .. and G. V. COHEE.

1936. Continental shelf se<liments off the Mid­
Atlantic States. Geol. Soc. Amer.. Bull. 47: 441­
458.

SHEPARD, F. P., J. 1\1. TREFETHEN, and G. V. COHEE.
1934. Origin of Georges Bank. Geol. Soc. Amer..

Bull. 45: 281-302.
SMITH, PAUL A.

1939. Atlantic submarine valleys of the l:nitl'l1
States. Geogr. Rev. 29: 648-652.

1940a. Exploring tIl(> continental shelves and slopes.
N.Y. Acad. Sci.. Trans. (ser. 2) 2(5) : 115-117.

1940b. Submarine canyons. Pan-Amero Gool. 78 :
254-258.

1941. Lands beneath the sea. Sci. Mon. 53: 393­
409.

SPENCER, J. W.
1890. The high continental e~evation preceding the

Pleistocene period. Geol. Soc. Amer.. Bull. 1: 65­
70.

1903. Submarine valleys off ·the American Coast and
in the Nortll Atlantic. Geol. Soc. Amer., Bull, 14 :
207-226.

1905a. The submarine great canyons 'Of the Hudson
River. Amer. J. Sci. (ser. 4) 19: 1-15.

1905b. Bibliography of submarine valleys off North
America. Amer. J. Sci. (ser. "') 19: 341--844.

STEARNS, FRANKLIN (EDITOB).

1963. Inventory of oceanographic data for the west­
ern North Atlantic Ocean and the Gulf of Mexico
(oceanographic station data, bathythermograph
Observations, and sea-surface temperature obser­
vationsl. U.S. Fish Wildl. Serv., Circ. 176, 1 p., 39
charts.

STEARNS, FRANKLIN.
1068. A method for estimating the quantitative re­

liability of isoUne ~ps. Ann. Ass. Amer. Geogr.
58: 590-600.

STEARNS, FRANKLIN, and LoUIS E. GARRISON.
1967. Bathymetric maps. U.S. Dep. Commer., Coast

Geod. Surv., and U.S. Dep. Int., Bur. Commer.
Fish., 15 sheets (C&GS Nos. 0708N-51 to -53,
0807N-51 to -57. and 0808N-51 to -55), scale 1 :125,­
000.

STETSON, HENBY C.
1938a. SUbmerged valleys of the continental mar­

gin. Appalachia (new ser.) 4(7) : 37-47.
1938b. The sediments of the continenta!!. shelf off the

eastern coast ilf the United States. Pap. Phys.
Oceanogr. Meteorol. 5 ("') : 5-48.

1935e. 'Present status of the" problem of submarine
canyons. ,Amt'r. Phil. Soc., Proc. 79: 27--83.

1939. Summary of sedimentary conditions on the
continental shelf off the east coast ilf United States.
1'/1. P. D. Trask (editilr), Recent marine sediments,
,pp. 230-244. Amer. Ass. Petrol. Geol.; Tulsa, Okla.
[Reprinted with additions as Spec. Pub!. 4,Silc.
Econ. Paleontill. Mineral., Tulsa, Okla., 1955.]

1949. The ,sediments and stratigraphy of the east
coast continental margin: Georges Bank til Norfolk
Canyon. Pap. Phys. Oceanogr. Meteorill. 11(2):
1-60.

1955. The continental shelf. Sci. Amer. 192(3):
82--86.

STEWART, HARRIS B., JR., and G. F. JORDAN.
1964. Underwater sand ridges on Georges Shoal.

1'/1. Robert L. Miller (editor), Papers in marine
geology: ·Shepard Commemorative Volume, pp. 102­
114. Macmillan, N.Y.

BATHYMETRIC MAPS AND GEOMORPHOLOGY OF MIDDLE ATLANr.rIC CONfl'INENTAL SHELF 65



TA.NNER, Z. L.
1886. Report on the work of the United States Fish

Commission steamer AZllatl'o88 for the year ending
December 31. 1884. ReI>. U.S. Comm. Fish Fish.
1884, pt. 12, app. A. art. 1. pp. 3-116.

1897. Deep-sea explot:ation: a general description
of the steamer ·".Hbatro88. her appliances and
methods. Bull. U.S. Fish Oomm. for 1896, 16:
257-428.

TAYLOR. ALFRED.
1872. On the formation of deltas, and on the evi­

dence and causes of great changes in the sea-level
during the GIucial period. Geol. Mug. (London) 9:
392-399. [This paper was abstracted in Geol. Mag.
(London) 5: 576--577. 1868.]

TRITES, R. W.
1956. The ()cean floor and water movement.. Roy.

Soc. Can., Trans. (ser. 3) 50 (sec. 4) : 88-91.
UCHUPI, ELAZAR.

1963. Sediments on the continental margin off east­
ern United States. U.S. Geol. Surv., Prof. ·Pap.
475-C, pp.C132-C137.

1965. Map showing relation of land and sUbmarine
topography: NovaS<.'otia to Florida. U.S. Geol.
·Surv., Misc. Geol. Invest., Map 1-451, 3 sheets,
1: 1,000,000 scale. [Also included in Uchupi, 1968.]

1966a. Topography and structure of Northeast
Channel, Gulf of Maine. Amer. Ass. Petrol. Geol.,
Bull. 50: 165-167.

1966b. Structural framework of the Gulf of Maine.
J. Geophys. Res. 71: 3013-3028.

1967. Slumping Oll! the continental margin south­
east of Long Island. New York. Deep-Sea Res.
14: 635-639.

1968. Atlantic continental shelf and slo.pe of the
United States: physiography. U.S. GeoI. Surv.,
Prof. Pap. 529--0, 30 pp. [Including' the bathymet­
ric map of Uchupi,l965.]

66

UCHUPI, ELAZA.B, and K. O. EMERY.
1967. Structure of continental margin off Atlantic

Coast of United States. Amer. Ass. Petrol. Geol.,
BUll. 51: 223-234.

UPHAM, WARREN.

1890a. The fiords and great lake ,basins of North
America considered as evidence of preglacial con­
tinental elevation amI of de-pression during the
GIMial l>eriod. Geol. Soc. Amer., -Bull. 1: 663­
567.

1890b. On the cause of the 'Glacial period. Amer.
Geol. 6: 327-339.

1894. The fishing banks ,between Gape 'Cod and New­
foundland. Amer. J. Sci. (ser. 3) 47: 123-129.

VEATCH, A.C., and P. A. ,S:MITH.
1939. Atlantic submarine valleys of the United

States and the Congo submarine "alley. Geol. 'Soc.
Amer., Spec. Pap. 7, 101 pp.

WEATHEBBURN, C. E.
1961. A first COlIrse in mathematical statistics.

Cambridge Univ. Press, Cambridge. 277 .pp.

WIGI.EY, ROLAND L.
1966. Rare fossils dredged off Atlantic C{)ast.

·CommE'r. Fish. Rey. 28(11): 28-32.
WILSON. J. Tuzo.

1966. Did the Atlantic close and then reopen'l Na­
ture (London) 211: 676-681.

YONGE. C.M.
1962. On the biolo~..'Y of the mesogastropod Trichotro­

pis cancellata Hinds, a ,benthic indicator species.
BioI. Bull. (Woods H{)le) 122: 160-180.

ZEIGLER, JOliN M., SHEIl.WOOD D. TUTTLE, HERMAN J.
TASHA, and GRAHAM S. GIESE.

1964. Pleistocene geol'Ogy of outer Cape Cod, Massa­
chusetts. Geol. Soc. Amer., Bull. 75: 705-714.

U.S. FISH AND WlLDLIFE SERVICE

U.S. GOVERNMENT PRINTING OfFICE 1989 0-334-130


